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FRODEX 


CORN SYRUP SOLIDS 


A distinct and unique contribution 
to the technology of ice cream manu- 
facturing since it was pioneered by 
American Maize some two decades 
ago, FRODEX (corn syrup solids) is 
still the corn sweetener most widely 
used by leading ice cream manufac- 
turers. 

Its many advantages for all types of 
ice creams, specialties, novelties and 
ice milk consistently mean better qual- 
ity, more economically produced. 
FRODEX substantially enhances flavor, 
adds smoothness, improves keeping 
qualities and builds the all-important 
total food solids content. 

The many uses and growing advan- 
tages of FRODEX are the result of con- 
tinuing research into fine products 
made from corn by American Maize- 
Products Company. 











DID YOU KNOW that American 
Maize makes hundreds of highly- 
specialized starches for every type 
of food use? 


If you would like more infor- 
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250 PARK AVENUE e NEW YORK 17,N. Y. 
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Precision-made Kimble Glassware — standard in an exacting industry. 





— [= <> > 





KIMBLE DAIRY TEST WARE 


Outstanding quality and assured accuracy have es- 
tablished Kimble Dairy Glassware as the recognized 
standard of the dairy industry—for test, analysis, 
and control. 


Kimble Dairy Glassware meets all federal and 
state requirements . . . passes the most rigid tests for 
accuracy and serviceability. It is made by skilled 
craftsmen who have devoted a lifetime to the crea- 
tion of precision scientific instruments. 

Kimble Dairy Glassware is distributed by leading 
dairy supply houses throughout the United States 
and Canada. 


KIMBLE DAIRY TEST WARE 


AN @ PRODUCT 


New Free Catalog. It lists and 
describes the instruments, needed 
for dairy products tests. Fill in 
and mail coupon now. 
Kimble Glass Company 
subsidiary of Owens-Illinois, Toledo 1, Ohio 


Send Kimble Dairy Test Glassware Catalog K-56 
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PEOPLE and EVENTS 
tn the Dairy Seience World 








Joint U. S.-Colombian Dairy 
Program Launched 


The dairy industry in the Republic of Colom- 
bia, S. A., has joined hands with the dairy 
industry of the United States in a long-range 
program to bring more and better dairy prod- 
ucts to the citizens of Colombia. The program 
is sponsored by the Foreign Agricultural Serv- 
ice, USDA, in cooperation with the Dairy In- 
dustries Society, International. This project 
was launched the last week of September when 
J. O. Eastnack, retired general manager of 
the Fluid Milk Division of The Borden Com- 
pany, went to Bogota, Colombia, to head the 
joint activity. 

The Colombian dairy industry will execute 
the project by means of ANALAC, Asocia- 
cién Nacional de Productores y de Industrias 
Lacteas, which was organized last August by 
both the producers and the processors of milk. 
CarLos Reyes Parria is president and ALBERTO 
Cuasin L. is executive secretary of the new 
agency. 

The project, which is a part of the Market 
Development Program for Dairy Products, will 
combine local curreney funds set aside under 
Public Law 480 from the sale of U. S. agri- 
cultural surpluses with contributions from Co- 
lombian industry. Proceeds from the sale of 
some $175,000 worth of agricultural products 
will be put to work in Colombia for the mar- 
ket development project on the part of the 
United States, amounting to 439,000 pesos. 
ANALAC has pledged to match this almost 
peso for peso. 

Foundation for the program was laid last 
spring when an FAS-DISI Market Survey 
team, headed by Gorpon Lamont of Darien, 
Conn., a Nestlé Company director, with PETER 
OuseEN of the Olsen Publishing Co., and Ivan 
ParKIN of the Pennsylvania State Univ. as the 
other members. In their report, which was 
presented to FAS on May 23, they recom- 
mended that a joint Colombian-United States 
program be developed to promote a _ wider 
utilization of milk in Colombia and to improve 
the quality of all milk sold. 

Mr. Lamont, who has just returned from a 
second visit to Colombia, where he signed the 
DISI-ANALAC agreement, foresees in this pro- 
gram a tremendous impetus not only for greater 
utilization of milk in the Colombian diet but 
toward better health for the people and an 
improved Colombian economy. 





1955 


Mr. Eastlack retired in September 


after 35 years of varied experience in the 
dairy industry in the United States. At that 
time he was general manager of the Fluid 


Milk Operation of The Borden Company. He 
received his B.S. degree in Agriculture from 
Cornell Univ. He spent a number of years 
with the milk producer cooperatives in the 
Philadelphia and Baltimore markets, and for 
many years he participated in industry-wide 
activities, particularly in tne Milk Industry 
Foundation, for which he served as director 
and also as secretary. 


United States Delegation to the 
XIVth International Dairy Congress 
Rome, Italy, Sept. 24-28, 1956 

Chairman: 
Ratpu E. Hopeson, Ph.D., Chief, Dairy Hus- 


bandry Research Branch, Agricultural Re- 
search Service, USDA, Beltsville, Md. 
Delegates : 

I. A. Goutp, Ph.D., Chairman, Department 
ot Dairy Technology, College of Agricul- 
ture, Ohio State University, Columbus 

H. L. Forest, Director, Dairy Division, Ag- 
ricultural Marketing Service, USDA, 
Washington, D. C. 

H. B. Henperson, Chairman, Dairy Depart- 
ment, University of Georgia, Athens 

C. J. Bascock, Director, Dairy and Poultry 
Division, Foreign Agr. Service, USDA, 
Washington, D. C. 

G. M. Trout, Ph.D., Professor of Dairying, 
Michigan State University, East Lansing 

T. Kurne Hamittox, Diamond Milk Prod- 
uets, Ine., Columbus, Ohio. 

Ken E. Geyer, Manager Connecticut Milk 
Producers Assoc., Hartford, Conn. 

Rosert ROSENBAUM, David Michael Co., Phil- 
adelphia, Pa. 

Mirtox Hvtut, President, 
Council, Chicago, Il. 
W. H. E. Ret, Professor of Dairying, Uni- 

versity of Missouri, Columbia. 

B. I. CHRISTENSEN, Meridale Dairies, New 
York City 

C. K. Ewnstrom, President, Jones-Enstrom 
Iee Cream Co., Grand Junction, Colo. 

Davip GwINN, President, Pennbrook Dairy 
Co., Philadelphia, Pa. 

A. MorELLE CHENEY, Secretary, Dairymen’s 
League Coop. Assoc., Ine., New York City 


National Dairy 
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THE GREATEST MILKING HAND 
THAT EVER TOUCHED A cow! 


In 1918, when the De Laval Double 
Pipe Line Milker was first pre- 
sented, pulsation uniformity was 
introduced. 


In 1928, the exclusive De Laval 
Magnetic Control was created... 
which made possible a pulsation 
uniformity previously thought im- 
possible. De Laval designers and 
engineers—ever searching for 
perfection—have constantly 


studied every part of the hand, 
and where possible, re-designed 
to achieve the finest milking ever 
available to dairymen. 


The De Laval principle. of “Con- 
trolled Milking”, today gives 


dairymen simplicity and long, 


trouble-free life. De Laval’s rec- 
ord of unequaled dependability 
is a true tribute for “the greatest 
hand that ever touched a cow”. 


rae >) —e oy -\'/.\ o 


SEPARATOR COMPANY 





THE OF LAVAL co 





New York + 427 Randoiph St., Chicago 6 + O8 LAVAL PACIFIC CO. 201 E. Millbrae Ave., Miliprae, Cait. 
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E. L. Jack, Ph.D., Head, Department of 
Dairy Industry, University of California, 
Davis 

Patrick B. Hearty, Assistant Seeretary, Na- 


tional Milk Producers Federation, Wash- 
ington, D. C. 
Paut ReINHOLD, Chairman of the Board, 


Foremost Dairies, Jacksonville, Fla. 

A. O. SHaw, Ph.D., Head, Dairy Depart- 
ment, State College of Washington, Pull- 
man 


Secretary : 


W. Raymonp O«G, Agricultural Attache, 


American Embassy, Rome, Italy 


Meeting of A.D.S.A. Plant Training 
Manual Committee 
The A.D.S.A. Plant Training Manual Com- 
mittee met in Chicago, Aug. 27 and 28. Pres- 
ent were: Chairman H. B. HeNprErRson, Univ. 


of Georgia; I. A. Gounp, Ohio State Univ.; 
Farnum Gray, Southern Dairies; H. J. Wi.- 
LIAMS, Carnation Co.; and H. F. JupKINs. 


N. W. Lams of The Borden Company was 
unable to be present. 

This was the first meeting of the committee, 
and much was accomplished in outlining the 
form of the manual and in “farming out” the 
preparation of material. The title chosen for 
the document is “A Manual for the Training 
and Development of Leaders in the Dairy Proc- 
essing Field.” It is hoped to have the manu- 
seript completed by early spring of 1957 so 
it can be reviewed prior to publication by the 
Edueation Committee of D.I.C. and other in- 
dustry leaders. In this connection, Gould moved 
and Judkins seconded that “In view of the 
fact that the A.D.S.A. has a committee com- 
posed of industry and education representa- 
tives working on the development of a plant 
training manual that this committee offer its 
services to the D.I.C. committee through its 
subcommittee on education and invite their co- 
operation in the preparation of this important 
document.” Motion carried. 

The D.I.C. Committee has invited A.D.S.A. 
to appoint one of its members to represent 
our Association on the D.I.C. subcommittee on 


education and President Huffman has appointed ° 


H. B. Henderson to serve in this capacity. 
The manual will be prepared in three parts. 
Part I will be addressed to management ex- 
plaining the background and reasons for the 
manual and essentials for its successful use. 
Part I will cover (1) Types of key positions 
in the dairy processing business; (2) objee- 
tives of college training in dairy technology: 
(3) selection of trainees; (4) characteristics 


of a successful operator; and (5) objectives 
and specifications of a training program. Part 
II will be a schedule of activities for persons 





JOUBNAL OF DAIBY SCIENCE 


to follow in getting training in market milk, 
ice cream, concentrated milk, butter, cheese, 
and milk powder operations. Part IIT will be 
an appendix consisting mainly of work proj- 
ects that may be used in advance stages of 
training. 


K. G. Weckel Honored by Sanitarians 


A widely respected past-president of Intern. 
Assoc. of Milk and Food Sanitarians, K. G. 
WeECKEL, of the Dept. of Dairy and Food In- 
dustries, Univ. of Wisconsin, was presented 
with the [AMFS Citation Award, at the 43rd 
annual meeting of the group, Sept. 6, at the 
Hotel Olympic in Seattle. The Citation Award 
is presented annually to a member of the as- 
sociation whose contributions over a period of 
years have furthered the professional advance- 
ment of ITAMFS and have strengthened its 
growth and enhanced its reputation. 

The plaque presented to Dr. Weckel bore 
the following citation: 


“Beeause his diligent work in behalf ot 
this Association has contributed greatly to 
its professional advancement, growth and 
outstanding reputation; because he has un- 
selfishly devoted so much time and effort 
as an officer, as a member of the Execu- 
tive Board, and as chairman and member 
of many important committees; because he 
has served as an associate editor of the 
Journal of Milk and Food Technology 
and has contributed many scientific articles 
for publication in the ‘Journal’; and be- 
cause his wise counsel has been of ines- 
timable value to our organization, this Ci- 
tation is awarded for Distinguished Serv- 
ice to the International Association of 
Milk and Food Sanitarians, Ine.” 


During his tenure as president of [AMFS 
in 1950-51, Dr. Wecekel was instrumental in the 
reorganization of the association’s business 
structure and in the establishment of the posi- 
tion of Executive Secretary. 


John H. Fritz is Sanitarian of Year 


JoHN H. Fritz, chief of the Milk and Food 
Section of the Kansas City (Missouri) Dept. 
of Health, received the highest national ree- 
ognition that can come to a professional local 
sanitarian—being named the “Sanitarian of the 
Year” and receiving the Sanitarian’s Award 


from Intern. Assoc. of Milk and Food Sani- 
tarians, which earries with it a check for 
$1,000. The award is presented annually by 


[IAMFS to the municipal or county milk and 
food sanitarian from the United States or 
Canada who, in the opinion of its Committee 
on Recognition and Awards, has made the 
most meritorious contribution to the health and 
welfare of his community in the past 5 years. 





JOURNAL OF DAIRY SCIENCE 





What Larson Brothers 
looked for (and got) in their new “Icy Kold” 


Clarence Larson of Larson Bros.’ farm, R. R. 1, Ringwood, II1., has this 
to say about their new ice-bank type Cherry-Burrell farm tank: 

“She's a fast cooler. Sidewall cooling gets milk down to 40° in a few 
seconds. Strainer bow] sits nice and tight so it's easy to rest pail on and 
pour into. 

“Control system is simple. My 7-year-old nephew could set it—if I'd let 
him. We're getting lower counts—spending a lot less time in the milk 
house. 

“Our hauler likes the way it drains. 





Ethel Larson likes the “Icy Kold” because it's so easy to “spray” 
clean and “fog” sanitize with the built-in Cherry-Burrell sprayer. 









jeneiiaasian | CHERRY-BURRELL 


CORPORATION 


; 427 West Randolph Street, Chicago 6, Illinois 
Dairy « teed © Farm @ Beverage © Brewing ¢ Chemical © Equipment and Supplies 
SALES AND SERVICE IN 58 CITIES —U.S. AND CANADA 
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The presentation occurred during the 43rd An- 
nual Banquet in Seattle, Sept. 6. 

Chief of the Milk and Food Section of the 
Kansas City Health Dept. since September 
1953 and chief of the Food Section for 2 years 
prior to that, Mr. Fritz has developed one of 
the most effective and efficient programs of 
milk and food protection to be found in the 
United States; further, he has maintained and 
fostered excellent relations with executives and 
engineers in the milk and food industries and 
the equipment and supply industries which 
serve them. 


Paul Corash Named President of IAMFS 


Paut Corasu, New York City Health Dept., 
was installed as president of Intern. Assoc. 
of Milk and Food Sanitarians at the 43rd 
annual meeting of that organization. He sue- 
eeeds H. S. Apams, Indiana Univ. School of 
Medicine, Indianapolis. 

H. B. Rosrnson, U. S. Public Health Serv- 
ice, Washington, D. C., was named president- 
elect, having previously been first vice-presi- 
dent. To the first viee-presidency was elected 
F. W. Barser, senior scientist and chief of the 
Division of Fundamental Research of the Na- 
tional Dairy Research Laboratories, Oakdale, 
Long Island. Another new officer, W. V. 
Hickey, director of the Division of Foods and 
Sanitary Engineering of the Salt Lake City 
Board of Health, was elected to the second 
vice-presidency. H. H. Wi_kowske of the 
Agricultural Research Station at Gainesville, 
Fla., was reelected secretary-treasurer. H. L. 
THoMASSON, Shelbyville, Ind., was renamed 
executive secretary. 


Massachusetts Student Receives First 
IAMFS Award 


THappEeus E. Mipura, a student majoring 
in sanitary science and public health engineer- 
ing at the Univ. of Massachusetts, has been 
selected as the first recipient of a $300 schol- 
arship offered by Intern. Assoc. of Milk and 
Food Sanitarians. Announcement of the award 
was made during the 43rd annual meeting 
of IAMFS. 

J. J. SHeurinG, Univ. of Georgia, chairman 


of the [AMFS Committee on Edueational and , 


Professional Development, announced that the 
award will be made annually to an outstanding 
student in his (or her) junior year, who is 
pursuing a course in publie health engineering 
and sanitary science. At present, approxi- 
mately 16 universities are believed to offer 
4-year courses in this subject. 


To Hold Symposium on 
Grassland Farming 


In conjunction with the annual meeting of 
the American 


for the Advancement of 


A ssoc, 


Seience, Dec. 29 and 30 in New York City, 
the following program will be given: 


Session I. Forage Utilization and Related Ani- 
mal Nutritional Problems. 
Leader: Dean D. W. Cotvarp, N. C. 
State College. 
1. Different methods of utilizing forage in 
dairy cattle nutrition. (Grazing vs. soil- 
ing vs. haying vs. ensiling) J. W. Barr- 


LeTT, R. E. Marner, and J. L. Cason, 
Rutgers Univ. 
2. Mineral problems in forage utilization. 


G. K. Davis, Univ. of Florida, and K. C. 
Beeson, U. S. Plant, Soil and Nutrition 
Laboratory, Ithaca, N. Y. 

3. The nutritive value of forages with em- 
phasis on the polysaccharide fractions. 
R. E. Ery and L. A. Moore, USDA. 

1. Estrogenic substances in forages. E. W. 
CHENG and Wise Burrovucus, Iowa State 
College. 

Forage Production in Temperate 

Humid Regions. 

Leader: H. P. 


Univ. 


Session IT. 


Murpnuy, Cornell 


1. The place and contribution of grasslands 
to the agriculture of the corn belt. M. B. 
Tresar, Michigan State Univ. 

2. The place and contribution of grasslands 
to the agriculture of the Eastern States. 
J. B. Wasuxo and H. R. Fortmany, 
Pennsylvania State Univ. 

3. The establishment and maintenance of 
grasslands in the temperate humid region. 
H. A. MacDona.p, Cornell Univ. 

4. Insect control of grasslands in the tem- 
perate region. W. A. Baker, USDA. 

5. The development and use of improved 
varieties of forage crops in the temperate 
humid region. A. A. Hanson, USDA. 


Session IIT. Sciences in Support of Grassland 
Research. 
Leader: H. B. SpraGue, Pennsyl- 
vania State Univ. 

1. Plant exploration and the seareh for su- 
perior germ plasm for grasslands. J. R. 
Hartanx, USDA and Oklahoma A. & M. 
College. 

2. Integration of programs in genetics, pa- 

thology, and entomology for progress in 

grasslands research. M. G. Weiss, USDA. 

. Interrelations of physiology, ecology and 

soils research to serve grasslands. R. B. 

ALDERFER, Rutgers Univ. 

4, Relation of mineral supply in soils to up- 
take of nutrients by grassland species, and 
the influence of such uptake on plant 
growth and forage value. K. C. Brerson, 
Soil & Nutrition Laboratory, Ithaca, N. Y. 


~~ 
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328 housewives were asked which milk carton opens easiest... 


93% SAID CANCO” 


ty, 
























JUST ONE OF A NUMBER OF 
SPECIFIC REASONS HOUSEWIVES 
GIVE FOR LIKING 

CANCO SNAP CAP BEST! 


Here’s proof of the wide public 
acceptance our fibre milk container has 
earned. An independent research 
organization placed the Canco Snap Cap 
carton side by side with carton “X”’ in 
the home refrigerators of 328 New Orleans 
housewives. After using milk from both 
cartons for four days the majority of the 
housewives stated they prefer Canco 

Snap Cap. 


Here are the results: 93% said it opens 
easiest . . . 69% said it closes better... 
83% said it was easier for children to handle 
. 56% said it pours best. 
A 
, ‘ 
These popular, easy-handling ( 4 
‘, i 4 ee. 
features of the Canco Snap Cap 7% 
carton have made it the milk page 
container women really prefer. %& 


American Can A 
Company 


Fibre Container Department, 
100 Park Avenue, New York 17, N. Y. 


> The easy-to-open container women really prefer! 
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5. Micro-climate as an index of site adapta- 
tion and growth potential for grasslands 
in the temperate humid regions. M. A. 
Spracuk, Rutgers Univ. 


Session [V. Grasslands Machinery and Equip- 
ment, Structures and Irrigation 
Systems. 
Leader: E. G. McKispex, USDA 
l. Equipment for the establishment and 
maintenance of grasslands. W. C. Htut- 
surT, USDA 
2. Irrigation systems for grasslands. T. W. 
EpMINSTER, USDA 
3. Equipment for harvesting and transport- 


ing forage. E. A. Sitver, New Holland 
Machinery Co. 
4. Structures and equipment for drying, 


storing, handling, and feeding of hay. 


J. D. Buicke, Ohio State Univ. 


5. Structures and equipment for storing, 
handling, and feeding of grass silage. 


C. K. Orts, Univ. of Minnesota. 


Federal Milk Orders 

The Independent Dairy Farmers’ Assoe. of 
Miami, Fla., has been granted a hearing to be 
held in Ft. Lauderdale by the U. S. Dept. of 
Agriculture for the establishment of a Fed- 
eral Milk Marketing area. The principal cen- 
ters of population involved are Miami, Miami 
Beach, West Palm Beach, Key West, Fort 
Lauderdale, Hollywood, Lake Worth, and Lake 
Worth City. 


The U. S. Dept. of Agriculture has reecom- 


mended the establishment of a Bluefield (W. 
Va.-Va.) Federal Milk Marketing order. The 


order will affeet two counties in W. Virginia 
and one in Virginia and includes a population 
of 225,000 people. 

A publie hearing has also been scheduled 
by the U. S. Dept. of Agriculture to merge 
the Akron, Ohio, and Stark County, Ohio, 
marketing areas. 

The Chattanooga, Tenn., Federal Milk Mar- 
keting order is now being administrated by 
J. B. McCroskey, who is administrator of the 
Nashville and Knoxville orders, which he will 
continue to supervise. 


Eastern Division of A.D.S.A. Meets 

The 30th annual meeting of the Eastern 
Division, American Dairy Science Assoc. was 
held at the main office of the Eastern States 
Farmers Exchange, Ine., West Springfield, 
Mass., Sept. 17 in conjunction with the East- 
ern States Exposition. 

H. F. Jupkins reported on the affairs of 
the parent association. This was followed by 
papers on the following topies: flavor research; 
the relative effectiveness of certain antioxidants 
fed to dairy cows on incidence of oxidized 
milk flavor and on apparent carotene and 


tocopherol utilization; and the solids-not-fat 
percentage in milk. 


After the general session the meeting broke 
up into a Production Section of 57 and a 
Manutacturing Section of 38. Papers covered 
in the Production Section had to do with pre- 


liminary observations on the fetal uterus, 
ovaries and adrenal glands; centralized proe- 
essing of dairy records for N.E.U.S.; and 


DHIA type evaluation project. The Manutae- 
turing Section papers covered the effect of 
various pasteurizing temperatures on the pro- 
duction of oxidized flavor in milk when ex- 
posed to light; equipping the modern dairy 
laboratory; experiences with refrigerated milk 
delivery trucks; and “Why so few dairy ma- 
jors—Is the dairy manufacturing curriculum 
obsolete?” The latter subject was discussed 
by H. F. Judkins. 

A judging contest, a major function of the 
Eastern Division, drew six teams in products 
judging and 13 teams in eattle judging. The 
team from the Univ. of Massachusetts won first 
place in the judging of all products, and that 
from Ohio State Univ. won first place in the 
judging of all breeds of cattle. 

The new officers of the Eastern Division who 
took over at the banquet are: H. L. Wiupasin, 
Whiting Milk Co., Boston—president; R. E. 
Warp, Eastern States Farmers Exchange, West 
Springfield, Mass.—vice-president; A. C. 
SmituH, Dairy Dept., Univ. of Conneecticut— 
secretary-treasurer. 


Epidemiological Report 
U. S. Dept. of Health, Education 
and Welfare 
Brucellosis 


Ek. J. Wirre, Pennsylvania Dept. of Health, 
has reported a case of brucellosis in a 28-year- 
old-man employed by a rendering company. 
Approximately 2 months ago the patient be- 
came ill with stomach pains, nausea, and vom- 
iting. He became weak, was easily exhausted, 
and had pains in the arms and legs. He devel- 
oped a fever after a few days and a physician 
was consulted. Later the patient was hospital- 
ized, and a diagnosis of brucellosis was con- 
firmed by the agglutination test against Bru- 
cella abortus antigen. 


Illinois Offers Scholarships 


Industrial scholarships worth $1,000 have 
been given to eleven freshmen registering in 
dairy technology at the University of Illinois. 
On October 13 donors of the scholarships gath- 
ered at the University Dairy Manufactures 
building to meet with the recipients of the 
scholarships and to join with the Dairy Tech- 
nology alumni in celebrating their annual re- 
union. After a mixer and luncheon at the 
building the group moved to the memorial 
stadium where they witnessed the football game 
between Ohio State and the fighting Illini. 





e 
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00 often today, farm animals 

find themselves chained to 
a chair at the phosphorus table 
... don’t get their fair share of 
phosphorus. Sometimes it’s be- 
cause part of the phosphorus 
ration is biologically out of 
reach. 

Result: mild to severe phos- 
phorus deficiencies, now report- 
ed in more than 20 states. 

With severe cases, it’s com- 
paratively easy to make a diag- 
nosis. But mild cases result in 
hidden losses that take a sizable 
cut out of the farmer’s pocket- 
book. For instance, without in- 
volved tests, how do you diag- 
nose: 

A slight dip in broiler gains — 
is it a mild case of pullorum or 
poor phosphorus availability? 
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Who eats first at the phosphorus table? 


Symptoms of Vitamin D deficien- 
cy — a true shortage, or insuffi- 
cient available phosphorus? 


Trouble settling a cow — infec- 
tious disease, a shortage of vita- 
min E or low phosphorus avail- 
ability? 

Milk production falls off a bit 
— the start of ketosis or was it 
caused by phosphorus defici- 
ency? 


Soft eggs — bronchitis or phos- 
phorus? 


Simplest, easiest and most 
economical protection is to use 
only those reputable phosphor- 
us products that are sure, safe, 
dependable and guaranteed in 
analysis and availability ... 
the chemically-produced dical- 
cium and tricalcium phosphates. 
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Why chemically-produced 
phosphates are safer 


Every lot of Internation- 
al’s dicalcium and trical- 
cium phosphates are mea- 
sured up on the same nu- 
tritional yardstick every 
time. They are chemically 
controlled, biologically 
tested and produced by the 
most modern industrial 
techniques. 

That’s why Internation- 
al’s dicalcium and trical- 
cium phosphates are cer- 
tain, low-cost insurance 
that your animals always 
will eat first at the phos- 
phorus table . . . products 
such as: 

Dynatos— 18’ % P dicalcium phosphate 
Multifos— 18% P tricalcium phosphate 
Deflourofos— 13% P tricalcium phosphate 
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PHOSPHATE CHEMICALS DIVISION 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 
General Offices: 20 North Wacker Drive, Chicago 6 





Beatrice Names North to Head 
New Department 
G. C. Nortu has been named head of the 
newly formed department of New Products 
and Materials by W. G. Karnes, president ot 


Beatrice Foods Co., Chicago. North has been 
serving as head of the company’s research 
department. P. P. Noznicx, former chiet 
chemist, has been appointed North’s sueces- 


sor. It will be the function of the new depart- 
ment to analyze the quality and marketability 
of new products offered to the company. 

Dr. North organized the company’s research 
program in 1936. The laboratories are located 
in Chicago. He graduated from the Univ. of 
Illinois and received his advaneed training at 
the Univ. of Wisconsin. 


DHIA Cows Establish All-Time 
Production Record 


DHIA cows produced on the average 9,502 
lb. of milk and 375 lb. of butterfat in 1955. 
The previous all-time high milk and butterfat 
production was made in 1954. 

The following table shows the average pro- 
duction of Association cows for various years 
since 1906: 


Cows on Average production 





Year test Milk Butterfat 
(No.) (lb.) (lb.) 
1906 239 5,300 215 
1910 25,000" 5,730* 227° 
1920 203,472 6,175 247 
1930 507,549 7,642 3038 
1940 676,141 8,133 33 
1950 1,088,872 9,172 370 
1951 1,186,615 9,195 370 
1952 1,166,297 9,192 366 
1953 1,226,588 9,253 368 
1954 1,311,698 9,363 372 
1955 1,333,866 9,502 375 





* Estimated 


The fundamental practices being used by 
DHIA members to improve the producing 
eapacity of their dairy herds are: 


(1) Cull low-producing unprofitable cows from 
the herd. 

Feed the remaining cows according to 
their individual producing ability. 

Select the best animals in the herd as 
breeding stock to improve the inheritance 
of the future herd for high-producing ¢a- 
pacity. 


(2) 


(3) 


The following table shows the production 
level of DHIA cows in 1955 by states. 
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Summary of the 


Association records, by states 


1954-55 Dairy-Herd-Improve 





ment- 











LAs 
se £ Average production 
= &= és = 8 
RN “ez on = = <a 
(No.) ( No.) (lb.) (%) (tb.) 
Ala 1 7,500.4 6,193 4.3 265 
Alaska l 
Ariz. Ls 17,282.8 9,399 8 357 
Ark. 5 
Calif. 120 1L76,893.5 10,417 4.0 417 
Colo. 26 7,257.1 9,555 3.9 369 
Conn. 31 20,8129 9,390 4.0 378 
Del. 6 3,009.5 8,921 4.0 360 
Fla. 10 8,274.7 6,611 4.5 299 
Ga. 20 7,569.8 6,949 4.1 282 
7. zz. 1 53.7 7,892 3.6 282 
Idaho 32 13,841.3 9,234 4,1] 382 
Ill. 107 $2,812.2 9,847 3.9 380 
Ind. 101 28,582.0 9,631 4.0 386 
Iowa 92 36,406.0 9,338 3.9 363 
Kans. 53 16,928.7 9,777 3.9 378 
Ky. x7 6,961.0 8,445 4.0 336 
La. 11 1,744.6 5,519 4.7 257 
Maine 30 14,334.5 8,825 4.1 365 
Md. 47 31,581.1 9,740 3.7 363 
Mass. 32 18,679.8 9,367 4.0 377 
Mich. 130 43,304.3 9,812 3.9 381 
Minn. 127 58,391.3 9,511 3.8 357 
Miss. 5 
Mo. 44 16,546.5 8,583 4.2 358 
Mont. 9 4,092.5 9,524 3.8 359 
Nebr. 25 7,692.3 9,695 3.8 371 
Nev. 3 
N. H. 17 9,129.4 8,739 4.1 354 
N.d. 27 23,200.1 9,658 4.0 386 
N. Mex. 4 1,367.8 9,771 3.9 381 
i 2 227 124,165.9 10,160 3.8 384 
N.C. 35 15,029.7 8,295 4.0 335 
N. Dak. 13 3,249.3 8,801 3.7 328 
Ohio 126 37,535.5 9,733 3.9 375 
Okla. 24 4,316.2 8,393 3.9 331 
Oreg. 37 19,816.4 4.5 388 
Pa. 212 112,472.9 4.0 377 
P. B. 0 
R. I. 4 2331.5 9,244 375 
S.C. 1] 1,909.5 7,442 2 321 
S. D. 10 2721.2 9,272 3.7 340 
Tenn 2] 10,573.2 6,719 4.3 291 
Texas 21 10,634.8 7,547 4.3 323 
Utah 5 10,232.5 9,908 3.9 383 
Vt. 69 36,880.2 8,117 2 343 
Va. 60 42,894.1 8,670 4.0 351 
Wash. 48 34,598.3 9,647 2 408 
W. Va 20 4,866.9 8,426 2 350 
Wis 136 76,138.0 9,604 3.8 366 
Wyo 4 702.3 9,327 3.8 352 
Total or 
average 2,288  1,175,378.2 9,502 3.9 375 
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WHY 
YOU GET 
MORE 
FOR 


YOUR 


MONEY 
IN 





RESCENT 


an 2 8 
‘EQUIPMENT 





Gasket maintenance, long the biggest single 
expense item with plate heat exchangers, 
need no longer be a major problem. 
Through years of development, CP 
research men produced a formula for a 
markedly better gasket material. Used ex- 
clusively in the now famous CP Uni-Mold 
Gaskets, it is highly resistant to practically 
all forms of deterioration. CP research also 
created the very special method by which 
these gaskets are bonded to the plates with- 
out residue-collecting gasket grooves. As a 
result, CP Uni-Mold Gaskets hold tighter, 
last longer and greatly reduce your costs. 
Similarly, from CP research came new and 


Pactage 


MFG. COMPANY 


General and Export Offices: 
1243 W. Washington Bivd., Chicago 7, Ill. 





DISTINCTION IN 
Creamery Package Mfg. Co. of Canada Ltd., DAIRY PROCESSING 
267 King Street, West Toronto 28, Ontario EQUIPMENT 

















Se BOOTH C-1 


Come visit us during the 
DAIRY INDUSTRIES EXPOSITION 
Sales Offices and Branches in 23 Principal Cities» THE MARK OF Oct. 29 to Nov. 3, Atlantic City, N. J. | 


LONGER GASKET LIFE... 


LESS MAINTENANCE 


better plate designs, such as the unique CP 
Crescent Plate, that gives more effective fluid 
turbulence for best heat exchange and makes 
cleaning much easier. 

To these advances should be added the 
benefits of CP application engineering that 
‘‘job-fits’’ CP plate equipment to meet most 
accurately the needs of a wide variety of 
products. 

These are just Some of the reasons why 
you get more for your money when you choose 
CP Plate Heat Exchangers. Ask your CP 
Representative to 6utline the rest of the rea- 
sons. They’re interesting and can be turned 


to your profit. 
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Johnson Joins Illinois Staff 


R. V. JoHNSON joined the staff of the Univ. 
of Illinois Sept. 1 as an extension specialist 
in the Department of Dairy Science. Born on 
a LaSalle county farm, Johnson graduated trom 
the Univ. of Illinois in 1948. After gradua- 
tion he worked for 3 years as quality control 
supervisor at the Luick Dairy in Milwaukee. 
For 2 years he was assistant farm advisor in 
Whiteside County, Ill., and for the past 3 years 
he has been Boone county farm advisor. John- 
son saw combat duty in Italy, and his cita- 
tions include the Purple Heart, Bronze Star, 
and Combat Infantryman badge. 


Albrecht Leaves Tennessee 


T. W. Avsrecut, Dairy Dept., Univ. of Ten- 
nessee, has accepted a position with CON- 
VAIR, Fort Worth, Texas. Dr. Albrecht, who 
reevived his Ph.D. degree at the Univ. of Wis- 
consin, joined the staff at Tennessee in April, 
1949. 


Ohio State News 


The Education Committee of the Ohio Dairy 
Products Assoe. met in Columbus Sept. 5. 
Plans were made for an early activation otf 
the High School Recruitment Program. The 
slide sequence “Opportunities Unlimited” was 
reviewed and steps were taken to associate the 
sequence with sound copies which will be avail- 
able for use later in the year. 

J. Horrman Erp of Columbus is again servy- 
ing this year as chairman of the subeommittee 
on Education and Training of the Dairy In- 
dustry Committee. 

Scholarships ranging from $250 to $300 a 
year will be given this year to 15 freshmen 
and four upperclassmen in dairy technology. 


Dairy Queen Milking Competitions 


A milking competition was staged at the 
Annual Canadian National Exhibition, Toronto, 
with the objective of focusing the attention 
of urban and rural people on the dairy indus- 
try. The event was sponsored by a local news- 
paper, the five breed associations, and the 
Ontario Dept. of 
and distributor organizations also supported 
the project. Valuable prizes were given to 
the Queen and the runners-up. It is believed 
this competition will be held annually. 

The staffs of the Dairy Dept., Ontario Ag- 
ricultural College, and the Dairy Branch, Dept. 


of Agriculture, directed the staging of the 
competition. Each of the five breed associa- 


tions nominated 10 girls who were experienced 
in machine milking and provided a cow, selected 
as representative of the breed. A portable five- 
cow stanchion line was moved into the ring 


Agriculture; milk producer’ 


daily. Each contestant was required to assem- 
ble and sanitize the milking machine, wash the 
cow’s udder, milk the cow, and clean and sani- 
tize the milking machine at the completion of 
milking. Five girls competed each night for 
the 10 nights of the fair and the five highest 
scoring contestants competed in the finals on 
the 11th night for the honor of Dairy Queen 
of the Fair. 

In combination with the milking contest, a 
local newspaper sponsored a competition in 
which the public was asked to estimate the 
amount of milk given daily by each of the 
five cows in the contest. Substantial prizes were 
offered to the most accurate estimates. 

The interest of both rural and urban people 
at the Exhibition was remarkable as evidenced 
by the crowds which, on several occasions, ex- 
ceeded 4,000. 


Staff Changes in USDA 
L. A. Moore, formerly head, Nutrition and 
Physiology Section, has been appointed assist- 
ant chief, Dairy Husbandry Research Branch. 


J. F. Sykes, formerly assistant head, Nutri- 
tion and Physiology Section, has been ap- 


pointed to succeed Dr. Moore as head of that 
section. N. D. BayLey has been appointed head, 
Breeding, Feeding, and Management Section, 
succeeding M. H. FourMAN, who retired from 
that position June 30 at the age of 70. H. W. 
Hawk has been appointed physiologist and 
Joe. Birman as biochemist in the Nutrition 
and Physiology Seetion. 


Irvine Joins Staff at Guelph 


D. M. Irvine, formerly Instructor at the 
Dept. of Dairy and Food Industries, Univ. of 
Wisconsin, has accepted a position in the Dept. 
of Dairy Science, Ontario Agricultural Col- 
lege, Guelph. 


Arizona to Hold Industry Conference 


For those interested in a trip to Arizona in 
January, the Univ. of Arizona will hold its 
annual Dairy Industry Conference at Tueson 
Jan. 9 and 10. Featured speakers will include 
EK. L. Jack, Univ. of California; Rex Paxton, 
Sutherland Paper Co., Kalamazoo, Mich.; 
W. E. GunNerson, Anderson Bros. Mfg. Co., 
Rockford, Ill.; and Watuace Jamin, Carnation 
Co., Los Angeles. 


Association Awards 


Nominations for Association awards (Hon- 
orary Member, Borden Awards, American Feed 
Manufacturers’, De Laval Extension Dairyman, 
and Dairy Science Teaching) should be sent to 
the secretary, H. F. Judkins, by December 15. 
Nominating ballots are being sent to all mem- 
bers. 
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There is 
no substitute 
for quality 







The growth and prosperity of the dairy industry depends upon 
quality dairy products and lower production costs. 

Consumers buy dairy products by their eyes and taste. 

Eye appeal—taste appeal—may be more important than the price 
tag in increasing the sale of dairy products. Check up on your own 
buying habits. You buy dairy products when they look good 

and taste good. 

Rapid-Flo Dairy Filters, the Rapid-Flo Check-Up and 
Rapid-Flo Quality Programs are engineered 
to make the dairy sanitarian’s job easier 
in winning the cooperation of the producer, 
who is interested in improving 
quality and lowering costs. 

Your local Rapid-Flo 
representative will gladly 
help you with your 
program to improve quality 
and cut production costs. 


Filter Products Division 








4949 West 65th Street, Chicago 38, Illinois 


Copyright 1956, Johnson & Johnson, Chicags 
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Michigan State Announces Short 
Course Schedules 
A series of 2-week special courses of inter- 
est to the dairy industry has been announced 
by Michigan State Univ. for 1957. The sched- 
ule is as follows: 
Jan. 7-18—Market Milk 
Jan. 21-Feb. 1—Laboratory Methods 
Feb. 4-15—Ice Cream 
Feb. 18-March 1—Cottage Cheese, Cultures, 
and Fermented Milks 
To obtain more information, write Director 
of Short Courses at East Lansing. 


Completed Theses 
M.S. Degree: 


CyarLes A. BecKER—Ensiling efficiencies, den- 
sities, and methods of preservation of several 
silages. Univ. of Florida. 

DeWirr C. Crepps—Relationships among cer- 
tain fat constants of fractions of pure and 
adulterated milk fat. Univ. of Florida. 

GeorGe D. HemeLtBaucH—Silage digestibility 
in dairy cows as determined by the chromo- 
gen ratio technique. Univ. of Florida. 

Howarp B. Younc—Use of low-conversion corn 
syrup solids in ice cream. Univ. of Florida. 


Ph.D. Degree : 


DonaLp M. Irvine—The development of Dari- 
world cheese and factors influencing its char- 
acteristies. Univ. of Wisconsin. 





Recent Deaths 


FLoyp JOHNSTON, executive secretary 
ot the American Jersey Cattle Club with 
headquarters at Columbus, Ohio, was 
killed in a ear accident September 27. 
Prior to his connection with the eattle 
association he was extension dairyman 
at Iowa State College. 

California lost one of its early pioneers 
and prominent dairymen in the death of 
SAMUEL HarrLEy GREENE, 86, who died 
at Carmel September 24 as the result of 
a heart attack suffered a few days earlier. 
He served as manager of the California 
Dairy Council from its inception in 1919 
until his retirement in 1947. His keen 
intellect, his ability to organize, and his 
fine personality enabled him to contribute 
much to the welfare of dairying on the 
west coast. A feature article on Mr. 
Greene appeared in the April, 1954, issue 
of the Journal of Dairy Science. He is 
survived by his widow, two grandsons, 
and a great grandson. 











IMPORTANT SUBSCRIPTION 
NOTICE 


Beginning October 1, 1956, The Gar- 
rard Press, printers of the Journal of 
Dairy Science, will act as the American 
Dairy Science Association’s agent for all 
matters pertaining to nonmember sub- 
scriptions and renewals. 

Under this new procedure, all non- 
member subseriptions and renewals 
should be sent to Journal of Dairy Sei- 
ence in care of The Garrard Press, 119- 
123. West Park Avenue, Champaign, 
I}linois. 

Changes of mailing addresses, post 
office notices of undeliverable copies, in- 
quiries about copies lost in the mail, and 
all other matters pertaining to the mail- 
ing list of nonmember subscribers should 
be sent to The Garrard Press. 

Memberships in the American Dairy 
Association will continue to be handled 
by H. F. Judkins, Secretary-Treasurer of 
the Association. All correspondence per- 
taining to memberships and/or member 
subscriptions, requests for back copies, 
and reprints for the Journal of Dairy 
Science should be directed to Mr. Judkins 
at 32 Ridgeway Circle, White Plains, 
New York. 


New Way to Serve Camembert Cheese 

Apples and Camembert cheese tempt family 
appetites in a special way, and you need prac- 
tically no preparation for this dessert, says 
GERALDINE ACKER, Univ. of Illinois food spe- 
cialist. A bowl of Delicious apples and a plate 
of mild-flavored Camembert will top off any 
meal. Send them to the table “as is” and let 
the family help themselves. 

For best flavor, let the cheese stand at room 
temperature for at least 8 hours before serving. 
When it is ready to serve, the interior will be 
semiliquid. In its finished form, Camembert 
has a thin natural crust or rind and is creamy 
white on the inside. You'll find it foil-wrapped 
in serving portions at the cheese counter. 


Cottage Cheese Clinic at Cornell 

On Nov. 15 and 16 the Dairy Industry Dept. 
at Cornell Univ. will conduct a cheese clinic. 
Many aspects of cottage cheese making will 
be covered on a_ lecture-demonstration basis. 
Among the topics to be discussed will be pro- 
duction of good cheese, tests for detecting slow 
milks, and factors affecting quality. Demon- 


strations will include the manufacture of sev- 
eral types of cottage cheese and the mechanical 
creaming of cottage cheese. 

For further information, write to the Dairy 
Industry Extension Office, Cornell Univ., Ith- 
aca, N. Y. 
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COW CLIPPING TIME IS HERE 


Emphasize Regular Clipping as the first step in 


producing quality milk 


STEWART 


ELECTRIC 


CLIPMASTER 


When cows are stabled, good sanitary 
practice calls for a regular clipping 
program. Clipped cows are easier to 
keep clean. Clean cows mean less 
sediment and a lower bacteria count. 
Milk with a lower bacteria content is 
more desirable. 


Leading health authorities say: “A 
regular clipping program means 
more wholesome milk. It is an essen- 
tial step in the production of quality 
dairy products.” Emphasize the ad- 
vantages of regular clipping. It 
reduces sediment, lowers bacteria, 
avoids contamination and increases 
profits from production of cleaner, 
higher quality milk. 


__, Free! 


| “cena Bulletin 100—"The 
oar | | Method and Benefits 
4 


\ ~ ) of Clipping Dairy 

\ \) | Cattle and Other 

Ut .@ Farm Animals.” This 

= handy manual illus- 

== | trates the 5 simple 

Orr steps in clipping 

dairy cattle that can 

be easily learned by everyone. Con- 

tains no advertising. Send for your 
free copy. 


Hi 
| 
\ 

\ 








Inside the 
Handle 


Handy, interchangeable electric Grooming 
Brush head fits Clipmaster. 





An electric grooming brush saves time and 
does a more thorough job of cleaning than 
hand brushing. 


unbeam COR PORATION (formerly Chicago Flexible Shaft Co.) Dept. 141, 


5600 West Roosevelt Road, Chicago 50, Illinois 
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Oklahoma Wins at Waterloo 


In a field of 33 competitive teams the dairy 


cattle judging trio from Oklahoma Agrieul- 
tural College won first place in the National 
Intercollegiate Dairy Cattle Judging Contest 
sponsored by the American Dairy Science As- 
sociation at Waterloo, lowa, Oct. 1. The first 
five teams in the contest with their scores are 
as follows: 


Team Placing Score (perfect 2250) 
Oklahoma A & M Ist 2040 
Cornell 2nd 2027 
Illinois 3rd 2024 
Iowa ith 2020 
Kansas 5th 1996 


The high individual was Haro_p CHILDRESS 
of the Univ. of Tennessee who had 710 points 
out of a possible 750. 


OF DAIRY 





SCIENCE 


There were five rings of cows (one each of 
five breeds), three rings of heifers, and two 
rings of bulls. The official judges were A. C. 
THomson of Elgin, Ill.; JoHn TuHompsoyn, 
Ralston-Purina Co., St. Louis; EUGENE Myers 
of Hoards Dairyman, Ft. Atkinson, Wis.; and 
JosePpH Eves of Successful Farming, Chicago 

The teams winning first place for each of 
the five breeds are as follows: 

Ayrshire 
Brown Swiss 
Guernsey 
Holstein 
Jersey 


Ohio 
Kansas 
Illinois 
Penn State 
Oklahoma 


Oklahoma’s winning first place in the contest 
was a fitting climax to the professional career 
of the coach, P. C. McGituiarp, who retires 
from active duty at the Oklahoma A & M Col- 
lege this year. 











Mojonnier Model D Milk Tester 











ACCURACY 
HAS A 


CASH VALUE! 





@ Because of rising dairy costs, the 
importance of testing and standardiz- 
ing butterfat and total solids content 
of all dairy products is more apparent 
today than ever before. Even a slight 
excess of these components may well 
mean the difference between the profit 
or loss of any product operation. 


e€ For forty years the Dairy Industry 
has depended upon the accuracy of 
the Mojonnier Tester to protect its 
profits and assure product uniformity. 
This record of traditional accuracy is 
good reason to send for complete 
information. 


Write: MOJONNIER BROS. CO., 
4601 W. Ohio St., Chicago 44, Ill. 
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THIS YOU KNOW: 


when 


you release 
a 
jack-in-the-box, 
it 
springs up 


BUT DO YOU KNOW: 


content, whips quickly. ‘to under al condi Emulhifiers can n be nlded: 
varying compositions. Write for trial drum. Test and taste — see what 


Makers 'of MULTI-GEL, the fully eviulaifine polate 
REDI-SOL and SURE-SOL for water ices, sherbets and 
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1000 Stanley Avenue, Brooklyn 8, N. Y. 








20 p 
JOURNAL OF DAIRY SCIENCE 


YOUR CUSTOMERS EXPECT 
ICE CREAM WITH SMOOTH TEXTURE 





How does your ice cream score—slightly coarse? Coarse and Icy? 
Grainy? Customers believe a product that tastes good has to feature 
good texture. 

Modern formulae and equipment should produce products with 
excellent texture. Few plants are getting results. 

The Bureau staff is working right now, while you are reading this, in 
an ice cream plant somewhere in United States. These technicians are 
solving texture problems and finding answers to other operational 


difficulties. 
You, too, can benefit from experiences of the Bureau technical 


le. Write today to: 


The DAIRY MANUFACTURE AND RESEARCH BUREAU 
Division of G. P. GUNDLACH & CO. 
1201 W. 8th St., Cincinnati 3, Ohio 
‘“SERVANTS TO THE DAIRY INDUSTRY’’ 
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Cheese Rennet and Color 
Cottage Cheese Coagulator 
Annatto Butter Color 
Dandelion Butter Color 
Certified Butter Color 
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Dri-Vac Lactic Culture 
Culture Flasks 

Culture Cabinets 

Testing Solutions 

Odorless Type Dairy Fly Spray 
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THROUGHOUT THE worLpD 
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Write for Literature 


CIR. HANSEN’S LABORATORY, INC. 


MILWAUKEE 14, WISCONSIN 
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PHILADELPHIA 3, PA. 
Branches: New York Washington 
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Automation Does the Rest! 
SF 
COMPLETE PACKAGE UNIT (iz 
DESIGNED FOR AUTOMATIC ............. 


MULTIPLE-CYCLE CLEANING gy 


a 
fl 
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Only minutes per tank 


Again Klenzade leads the industry with 
AUTOMATION . . . an amazing system of 
automatic multiple-cycle cleaning for bulk tank 

ickup trucks. Run a truck up to the station, 
eo the shielded cleaning rotor—press one 
button—and in minutes the job is done with a 
series of cleaning and rinsing cycles. No man 
enters the tank . . . no arduous scrubbing 
. . » no soil residues or marking from boots. 
Installations already in operation . . . and 
they're wonderful to see. Survey, complete 
equipment, and installation supervision, fur- 


nished by Klenzade. 
Write for the Interesting Facts vow Mow! 


oll “FIRST IN CLEANING CHEMICALS” 
Ciuenzaoe ) KLENZADE PRODUCTS, INC. | 


BELOIT WISCONSIN 


vs SNe as 
es Sabie: 
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See Automation Cleaning in action at the 
Klenzade Booth, Dairy Industries Exposition 








We’re very proud 


when he says, 


“Gee Mom, milk sure is good” 


For over 33 years Diversey has worked closely 
with sanitation authorities throughout the food 
processing industries to develop new products, to 
improve established products, to set new quality 
standards and to effectively meet hundreds of 
specialized problems. This wealth of experience 
and pioneering background is one of the big rea- 
sons why Diversey ‘“‘scientific sanitation’’ has 
become a byword in the industry. Diversey’s con- 
tinued research into sanitation problems uncovers 
—almost daily—new and better ways to insure 
product quality at lower costs. 


For further information on’ Diversey services to 
sanitarians and food technologists, call your near- 
by Diversey D-Man. You will find him a well- 
informed specialist in food industry sanitation. Or, 
write to The Diversey Corporation, 1820 Roscoe 
Street, Chicago 13, Illinois. 
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| Quality is always 
remembered ... 


You and your customers will always 
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THE INFLUENCE OF SEVERAL FACTORS ON THE PROTEIN AND 
SOLIDS-NOT-FAT CONTENT IN THE MILK OF JERSEY COWS: 


L. W. SPECHT,’ J. R. BRUNNER, D. E. MADDEN, anp N. P. RALSTON 


Department of “airy, Michigan State University, East Lansing 





The effects of milking time, herd differences, season, and stage of lacta- 
tion on the protein and solids-not-fat production of an individual cow were 
studied. Milk samples were taken biweekly for a 15-month period from 
two herds of purebred Jersey cattle. Equations are presented for predict- 
ing solids-not-fat content from protein or fat content. Fditor. 











The increased emphasis now being placed on the solids-not-fat portions of 
milk makes it desirable to know more about factors that affect these constituents 
in the milk of individual cows. Several workers (1, 8, 11) have indicated that 
composition may be altered by breeding and/or feeding practices. Other workers 
(2,3, 4,5, 10, 13, 14) have suggested that various environmental factors have an 
influence on the composition of milk. The relations between solids-not-fat, fat, 
and protein contents of milk have been reported (6, 7, 9, 12). 

This investigation was instituted to study the effects of milking time, herd 
(differences, season, and stage of lactation on the protein and solids-not-fat pro- 
duction of the individual cow and the relationships among fat, protein, and 


solids-not-fat values. 


EXPERIMENTAL PROCEDURE 


Two herds of purebred Jersey cattle, owned by the Michigan Agricultural 
Experiment Station, were sampled biweekly for a 15-month period. Protein 
values were determined for the last 12 months of this period. Samples from cows 
showing visible signs of mastitis were excluded. The following determinations 
were made on milk samples from individual cows: fat content by the Babcock 
method; protein by the Pyne modification of the formol titration method, as 
outlined by Richardson et al. (12); total solids by the Mojonnier method; and 
solids-not-fat as the difference between total solids and fat content, 


RESULTS AND DISCUSSION 


Variations in morning and evening milk. Samples of morning and evening 
milk from a herd of 12 animals (Herd A) were analyzed. The results presented 


Received for publication December 6, 1955. 
‘ Journal article No. 1852 from the Michigan Agricultural Experiment Station. 
~ These studies were conducted while the senior author was a research assistant at the Michi- 


gan Agricultural Experiment Station. 
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TABLE 1 
Compositienal variations between morning and evening milk from Jersey cows 
(means and standard errors) 


No. of 
Component samples Morning samples Evening samples 
Total milk (1b.) 259 12.5 = 0.32 11.4 + 0.30* 
Fat (%) 256 5.28 + 0.07 5.23 + 0.11 
Protein (% ) 215 4.15 + 0.03 4.15 + 0.04 
Total solids (%) 259 14.76 + 0.09 14.95 + 0.09 
Solids-not-fat (%) 5 2+ 0.04 


259 9.46 + 0.04 9.52 








| 


* Difference (morning vs. evening) significant at 5% probability level. 


in Table 1 consist of 259 comparisons of fat, total solids, and solids-not-fat con- 
tent and 215 comparisons of protein content. The herd was milked regularly with 
an 1114-hour daytime interval and a 121%-hour night-time interval. Turner (14), 
citing the work of Copeland, reported the milk and fat production from 821 com- 
parisons on Jersey cows milked twice daily at equal intervals with morning values 
of 13.5 lb. of milk and 5.23% fat and evening values of 12.7 Ib. of milk and 5.50% 
fat. Copeland concluded that cows milked twice daily at regular intervals tend 
to produce more milk of a slightly lower fat content in the morning. Data pre- 
sented in Table 1 show a significantly higher morning milk production but no 
significant difference in fat content. 

Bailey (1) reported in one investigation that morning milk usually contains 
a lower level of solids-not-fat than evening milk with a mean difference of 0.07% 
and a standard deviation of 0.16%. Bartlett (2) reported little difference between 
the solids-not-fat content of morning and evening milks. citing values of 8.94% 
for the morning and 8.83% for the evening milks. The data given here show no 
significant difference in the solids-not-fat content of morning and evening milks. 
No difference was observed in the protein content of morning and evening milks. 

Herd differences. Daily averages from Herd A were compared with those 
from an inbred herd of 23 cows (Herd B). The fat, total solids, and solids-not- 
fat contents were determined on 475 samples, 392 of which were analyzed for 
protein content. The results are shown in Table 2. Samples from Herd B were 
higher than those from Herd A for all factors studied. These differences were 
significant except for solids-not-fat. 

The higher milk solids values obtained for Herd B may have been due to the 
low environmental temperatures (October to March), as has been reported by 

















TABLE 2 
The average composition of milk from two Jersey herds (means and standard errors) 
No. of No. of ve 

Component samples Herd A samples Herd B 
Total milk (/b.) 259 24.0 + 0.59 475 7.1 += 648"* 
Fat (%) 259 5.26 + 0.06 475 5.57 + 0.04** 
Protein (% ) 215 4.15 + 0.03 392 4.26 + 0.03* 
Total solids (%) 259 14.86 + 0.08 475 15.07 + 0.04** 
Solids-not-fat (%) 259 9.49 + 0.03 475 9.51 + 0.02 





* Difference between herds significant at 5% probability level. 
** Difference between herds significant at 1% probability level. 
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TABLE 3 
Seasonal variations in milk composition (means and standard errors) 














No. of Solids- 
Season samples Milk Fat Protein not-fat Total solids 
(1b.) (%o) (%) (%) (%) 
April-June, ’54 127 28.1+0.88 5.48 + 0.67 wae 9.69 + 0.03 15.19 + 0.09 
July-Sept., 754 158 26.0+0.97 5.19+0.07 3.85+0.03 9.41+0.04 14.51 + 0.09 
Oct.-Dee., 754 132 25.4+0.96 560+ 0.07 443+0.04 9.58+0.05 15.18 + 0.09 
Jan.-Mareh, 755 145 25.4 + 0.69 5.78+ 0.06 4.39 + 0.04 9.50+ 0.03 15.25 + 0.08 
April-June, 755 172 24.62 0.72 5.51+0.07 426+ 0.04 9.37+0.03 14.87 + 0.08 
April, ’54-June, 755 734 26.0+ 0.38 546+ 0.03 4.22 + 0.02°9.50+ 0.02 15.00 + 0.04 








* 607 samples were analyzed for protein. 


Cobble and Herman (3), since this herd was loose-housed and Herd A was housed 
in a conventional stanchion barn. The values for fat, protein, and total solids 
content of Jersey milks are somewhat higher than those recently reported by 
other investigators and approximate those reported for solids-not-fat content 
(4,5, 2, 22). 

Seasonal influence. The 15-month experimental period was divided into 3- 
month periods approximating the seasons of the year. Compositional values for 
all samples of milk corresponding to these periods are presented in Table 3. The 
low values for fat, protein, and total solids content of these samples occurred 
during the summer months. 

Sherman (73) noted that the protein and solids-not-fat content of Jersey milk 
was lowest during July and highest during the winter season. Average values 
for the fat, total solids, and solids-not-fat content of Jersey cow’s milk as reported 
by Combs (4) ranged from 5.3%, 14.7%, and 9.4%, respectively, in June to 
6.4%, 16.0%, and 9.6%, respectively, in October. However, no values were re- 
ported for the summer months, a period generally associated with lowest compo- 
sitional quality of milk. Davis et al. (5) observed the highest values for fat, total 
solids, and solids-not-fat content of Jersey milk during the winter months and 
the lowest values during the summer months. These differences were presumed 
to be due mainly to the higher environmental temperature of the summer months. 
3ailey (1) concluded that changes in the solids-not-fat content of milk were due 


TABLE 4 
Composition of all samples by stage of lactation 
12 Fo 61 91 121 151 4181 211 241 271 301 3a) 
Days in lactation to to to to to to to to to to to to 
30 60 90 120 150 180 210 240 270 300 330 365 


Number of samples* 39-46 67-72 64-75 65-81 58-76 58-77 58-74 60-69 57-64 40-46 23-32 11-13 

















Component 





Milk (/b.) 37.9 38.2 34.8 29.8 26.5 23.7 21.9 19.5 17.0 168 148 15.9 
Fat (%) 5.38 5.22 5.26 5.35 5.44 5.48 5.57 5.70 5.74 5.83 5.63 5.89 
Protein (%) 3.93 3.74 4.01 4.18 4.25 4.32 4.33 4.42 4.49 4.50 4.57 4.43 


Total solids (% ) 14.86 14.46 14.59 14.76 14.95 14.97 15.13 15.24 15.27 15.38 15.39 15.53 
Solids-not-fat (%) 9.46 9.28 9.33 9.42 9.53 9.51 9.60 9.55 9.58 9.72 9.74 9.69 





* First number in each column refers to the number of samples analyzed for protein. Second 
number in each column refers to the total number of samples analyzed. 
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to changes in the feeding practices that occurred concurrent with the change in 
season. 

Stage of lactation. The data were sorted into monthly intervals to observe 
changes due to stage of lactation. No samples were drawn during the first 12 days 
of lactation, in order to avoid the effects of colostrum. The mean compositional 
values for all samples are shown in Table 4. Milk constituents such as fat, pro- 
tein, total solids, and solids-not-fat usually fall from an initial level after par- 
turition to a low point during the second month of lactation and then gradually 
inerease during the duration of lactation. The inverse occurs for milk quantity. 
These changes are demonstrated in Table 4, which contains compositional data 
by stage of lactation. These are in agreement with other data reported (4, 5, 10). 

Prediction values. The use of fat or protein content to predict the solids-not- 
fat content of milk has been considered by several workers (6, 7, 9, 12). Such 
prediction equations were computed from these data and are presented in Table 5 
along with equations developed by other workers also using Jersey milks. 


TABLE 5 
Prediction equations for Jersey milks 


Samples 














Solids-not-fat-from fat Worker Number Source 

SNF = 8.09 + 0.253 F* Jack et al. (7) 1,089 Herd samples 

SNF = 8.23 + 0.246 F Overman et al. (9) 199 Individual eows 

SNF = 8.66 + 0.130 F Harvey et al. (6) 282 Individual cows 

SNF = 8.33 + 0.216 F Present study 259 Individual cows, Herd A 

SNF = 6.97 + 0.465 F Present study 475 Individual cows, Herd B 
Solids-not-fat from protein 

SNF = 6.61 + 0.749 P Overman et al. (9) 199 Individual cows 

SNF = 5.85 + 0.990 P Richardson et al. (12) 1,081 individual cows 

SNF = 6.74 + 0.655 P Harvey et al. (6) 282 Individual cows 

SNF = 6.92 + 0.602 P Present study 215 Individual cows, Herd A 

SNF = 6.96 + 0.589 P Present study 392 Individual cows, Herd B 








* SNF, F, and P represent solids-not-fat, fat, and protein percentages, respectively. 





The solids-not-fat contents predicted from equations developed from this 
study are in good agreement with the other equations for the fat levels encoun- 
tered in these data. For predicting solids-not-fat from protein content, Richard- 
son’s equation gives the highest predicted values, and the remaining equations 
are in agreement with each other. 

The work of Harvey et al. (6) indicates that fat per cent gives an unreliable 
estimate of solids-not-fat per cent, being less than half as accurate as when the 
protein per cent is used. In the present study, equations derived from the two 
herds tested suggest that protein is a better indicator of solids-not-fat content 
than is fat per cent. 


SUMMARY 


Individual cows from two Jersey herds were sampled biweekly for a 15-month 
period to obtain values on the compositional quality of their milk. Mean differ- 
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ences obtained for the fat, protein, total solids, and solids-not-fat content of 
morning and evening samples from one of the herds were not significant. A sig- 
nificantly larger quantity of milk was produced at the morning milking. 

Significant differences between herds were obtained for pounds of milk and 
per cent of fat, protein, and total solids. Exposure of one herd to low tempera- 
tures in a loose-housing barn may have been a factor in the compositional differ- 
ences between herds. Seasonal variations were observed, with compositional qual- 
ity being highest in the winter and lowest in the summer. Milk solids content 
was inversely related to milk quantity with lowest solids content during the 
second month of lactation and highest toward the end of the lactation. 

Equations are presented for predicting solids-not-fat content from protein or 
fat content. 
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LACTOSE CRYSTALLIZATION IN ICE CREAM. UI. 
FACTORS AFFECTING RATE AND QUANTITY 


T. A. NICKERSON 


Department of Dairy Industry, University of California, Davis 





Quantitative data on factors concerned in lactose crystallization are pre- 
sented and a procedure used to calculate the amount of alpha hydrate depos- 
ited is described. The experimental mixes contained 15% sucrose. A polari- 
metric method was used to measure the alpha and beta lactose present. The 
critical zone for lactose crystallization is —10° F. to 2° F. Editor. 











Lactose crystallization in aqueous solutions and in milk products has been 
the subject of numerous and extensive investigations. Bothell (2) was the first 
to suggest that lactose crystals were the cause of sandiness in ice cream, and 
Zoller and Williams (14) were the first to give definite proof of this fact. Since 
that time many investigations have contributed to our knowledge of the factors 
involved. Reviews of the pertinent literature are available (3, 17, 12, 13). We 
must agree with Sommer (11), however. that the fundamental explanations of 
this problem are still inadequate. 

No data are available in the literature on the quantity of lactose that erystal- 
lizes in ice cream. The present paper reports some quantitative data on factors 
important in lactose crystallization and deseribes a procedure used to caleulate 
the amount of alpha hydrate deposited. 


EXPERIMENTAL PROCEDURE 


The composition of the mixes and the processing procedures used were 
deseribed in a previous paper (7). All samples were flavored with vanilla and 
contained 15% sucrose. The stabilizer content was varied slightly depending 
upon the total solids in the mix. In addition to the types of seed lactose used 
previously, edible whey powder also was successfully used (8) to supply the 
erystal nuclei in certain samples of ice cream reported in this study. 

A Rudolph polarimeter, model 62, was used that had vernier and seale eali- 
brations allowing readings directly to 0.02°. Both an electric sodium lamp and 
a mereury are lamp were used as a light source during the investigation. The 
results were essentially the same in each ease. 

The polarimetric method of Sharp and Doob (70) was used to measure quanti- 
tatively the alpha and beta lactose. The initial steps in the clarification procedure 
were modified to accommodate ice cream in place of the dry milk they used. 
Approximately 20 g. of ice cream was weighed quickly into a mortar and imme- 
diately ground to a smooth mix. Oxalie acid solution at room temperature was 
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added at this point and the remainder of the procedure was carried out as these 
authors deseribed. Sufficient filtrate to fill a 4-dm. tube was collected, adjusted 
to 25° C. when necessary, and read in an unjacketed tube. The first reading on 
the polarimeter was usually taken 7-8 minutes after zero time: the time when 
grinding the sample was started. Eleven readings at 1-minute intervals were 
taken for the initial rotation, I, and ten readings taken the next day for the final 
rotation, F. 

The optical rotation of the clear filtrate from ice cream mix is the sum of 
the rotations due to the sucrose and alpha and beta lactose present in the solution. 
The sucrose rotation is constant and can be calculated for any given mix. The 
sucrose was carefully weighed to amount to 15% of all the ice creams. In addi- 
tion, the sucrose content was checked in key mixes by the AOAC method (7). 
The portion of the final rotation due to the sucrose could thus be determined by 
analyzing the mix (specific rotation for sucrose + 66.5°). This made it unneces- 
sary to accurately weigh the sample of ice cream, because the weight could be 
determined from the final rotations of the mix and ice cream. By subtracting the 
sucrose rotation from the observed initial and final rotations of the sample, the 
initial and final lactose rotations could be calculated. The percentage of alpha 
and beta lactose could then be found by substituting in the equation of Sharp 
and Doob (10): 


I 
F 

Values were not available for the specific rotations of alpha and beta lactose, 
their equilibrium ratio, and sucrose for the Hg line (5461A) at 25°C. The 
specific rotations found in this laboratory on products of high purity were as 
follows: anhydrous alpha lactose (weighed as the hydrate), + 104.7°; beta 
lactose, + 40.7°; equilibrium mixture, + 64.8°; and sucrose, + 78.13°. The 
equation for the alpha lactose then becomes : 





© anhydrous alpha lactose = ( — 0.65 5) 101.1 


I 
F 





“% anhydrous alpha lactose = 101.3 ( - 0.628). 

Corrections were made for the volume of fat and protein in the ice cream 
samples. No correction was made for the small amount of seed lactose added to 
the mix. 


RESULTS - 


Effect of milk solids-not-fat. It was well established by early investigators 
that as the milk solids-not-fat content was increased, the tendency for sandiness 
to develop also increased. It was recognized (11, 12), however, that lactose con- 
centration alone does not determine whether an ice cream will go sandy or not, 
because all ice cream has sufficient lactose to produce a supersaturated solution 
in the unfrozen portion. Other factors are important, such as storage tempera- 
ture, viscosity of the unfrozen portion, and the presence of crystal-inducing 
substances. The two last factors have not been studied extensively. 
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creams, 


The data in Figure 1 are typical of ice creams prepared over a period of 
several years and stored under the same conditions. Data from 1 or 2 batches of 
ice cream represent each MSNF level. The data show, in general, that erystalli- 
zation of lactose (as shown by increasing percentage of alpha during storage) 
took place more rapidly as the MSNF content of the ice cream was increased. 
They also show, however, that some ice creams develop lactose crystals quicker 
than other ice creams that have the same or even higher MSNF content. Obser- 
vations made during this study would support the view that crystal-inducing 
substances were responsible for the accelerated lactose crystallization. There 
was no indication whether the variations were due to the milk itself or whether 
the substances were introduced during processing. 

Effect of crystal nuclei. It was shown in the previous paper (7) that seeding 
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DAYS OF STORAGE AT 2°F 


Effect of erystal nuclei (seeding) upon the erystallization rate of alpha lactose. 
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the partially frozen ice cream in the freezer or seeding the mix prior to freezing 
resulted in copious crystallization of the lactose. The data in Figure 2 show the 
effect of introducing crystal nuclei on the rate of transfer of beta to alpha lactose. 
At 2° F. the normal ice cream samples showed only slight changes in the per- 
centage of alpha during storage. The seeded samples, however, showed a rapid 
increase in the percentage of alpha until after about 30 days when the samples 
came to equilibrium. At that time usually 85-90% of the total lactose was present 
in the alpha form. It also should be noted that the rate of mutarotation was 
independent of the lactose (MSNF) content of the mix. 

These data prove that lactose crystallization is limited in normal ice cream 
stored at 2° F. because of the absence or scarcity of lactose crystal nuclei. The 
speed of formation of crystal nuclei controls the initial stages of lactose crystalli- 
zation. Under these conditions Herrington’s (5) conelusion is valid—that slow 
speed of mutarotation was of little importance to sandiness in ice cream. In the 
presence of nuclei, however, the rate of change of beta to alpha becomes the 
principal limiting factor. 

Effect of temperature. Temperature was recognized by early investigators as 
an important factor in lactose crystallization. It is now a well established fact 
that crystallization proceeds most rapidly at a high storage temperature and is 
retarded by lowering the temperature. This is illustrated also by the data in 
Figure 3. At —10° F. erystallization progressed slowly, but at 2° F. the per- 
centage of lactose in the alpha form increased very rapidly. The data indicate a 
critical zone exists between these temperatures. 

The data in Table 1 illustrate the amount of change in the percentage of 
alpha lactose observed in ice creams stored at —10° F. In the normal ice cream 
there was a small but definite increase. The changes in the seeded samples were 
slightly greater, especially in the higher solids ice cream. The data show that 
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the presence of erystal nuclei in 12° MSNF ice cream did not appreciably 
accelerate lactose crystallization at -10° F. Therefore, the presence of crystal 
nuclei must not be the controlling factor at —10° F., as it was found to be at 
2° F. Some other factor must be important under these conditions. The sugges- 
tion (/1, 12) that the unfrozen portion of ice cream is so highly viscous that 
lactose crystallization is impossible at —10° F. seems a logical explanation, but 
no actual measuresments were made during this study. Another possible explana- 
tion is that there is insufficient free moisture present in the unfrozen portion of 
the ice cream to permit the hydrated erystals to form. This is analogous to the 


lactose glass that exists in dry milk. 


TABLE 1 
The effect of MSNF level and presence of nuclei on the change in 
percentage of alpha lactose in ice cream stored at —10° F. 





Alpha lactose content 








Storage period 12% MSNF, no nuelei 20% MSNF, seeded 18°> MSNF, seeded 
(wk.) (%) (%) (%) 
l 35.0 36.8 
2 35.9 39.9 
} 37.4 40.0 
5 37.6 44.6 
:-7 38.1 46.2 








Measurement of the quantity of erystallized lactose in ice cream. No quanti- 
tative data are available on lactose crystallization in ice cream. Sharp (9) ealeu- 
lated the theoretical quantity of lactose that would crystallize out at —10° C. 
(+14° F.) and —24° C. (-11.2° F.), but the values were never substantiated by 
experimental data. 

It is possible to calculate from the polarimetric data the percentages of alpha 
and beta lactose in the ice cream. When equilibrium is established in the system, 
the ratio of beta to alpha lactose remaining in solution will depend on the tem- 
perature of the system. The values of Gillis (4) are usually used. However, 
Gillis made his final readings at 0° C., whereas the final readings in this work 
were made at 25° C. Figure 4 was obtained from a recalculation of Gillis’ data 
by using values for the final rotation at 25° C. and extrapolation of the data as 
done by Sharp (9%) to the temperature range encountered in the storage of ice 
eream. This gave a value of 1.86 for the ratio of beta to alpha lactose at —10° F. 

The validity of these calculations was verified experimentally. The observed 
value of beta to alpha in nonseeded, normal ice cream stored at -10° F. for 1 
week was 1.86. The observed value of lactose solutions stored at 32° F. was 1.78, 
which is in agreement with the calculated value from Gillis’ data. 

It can be seen from Figure 4 that the equilibrium ratio of beta to alpha is 
1.84 at 2° F. and 1.82 at 12° F. Once these ratios were established it was possible 
to measure polarimetrically the amount of beta lactose in the ice cream and to 
ealeulate from that the amount of alpha that was in solution. The difference 
between the alpha in solution and total alpha was equal to the amount present 
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Fig. 4. Effect of temperature upon the equilibrium ratio of beta to alpha lactose. 


in crystallized form. Table 2 contains the data obtained from one sample of ice 
cream and illustrates the calculations used. 

The data in Figure 5 show the quantity of alpha hydrate that crystallized 
out of ice cream samples containing 12 to 18% MSNF. It teok approximately 
20 days te establish equilibrium at 12° F. and 40 days at 2° F. 

The quantity of crystallized lactose was measured in several samples of sandy 
ice cream. The results are shown in Table 3. They show once again (6, 7) that 
sandiness is not related to the quantity of lactose crystallized but is related to the 


TABLE 2 
The quantity of alpha lactose crystallizing in seeded ice cream 
(5.80% total lactose) during storage at 2° and 12° F. 





a erystallized 








Days of Total Total a’ in 

storage a B soln." anhydrous hydrate 
(%) (%) (%) (%) (9/1009. (g/1004q. 

I.C.) I.C.) 

2 F 1 37.5 62.5 34.0 3.5 0.20 0.21 

5 52.9 47.1 25.6 27.3 1.58 1.66 

7 57.3 42.7 23.2 34.1 1.98 2.08 

1] 67.1 32.9 17.9 49.2 2.85 3.00 

19 80.8 19.2 10.4 70.4 4.08 ~~ 4.30 

4] 83.8 16.2 8.8 75.0 4.35 4.58 

229 90.8 9.2 5.0 85.8 4.98 5.24 

12° fF: 1 47.6 52.4 28.8 18.8 1.09 1.15 

4 66.1 33.9 18.6 47.5 2.76 2.91 

7 75.7 24.3 13.4 62.3 3.61 3.80 

11 82.0 18.0 9.9 72.1 4.18 4.40 

15 83.9 16.1 8.8 75.1 4.36 4.59 

20 87.0 13.0 ye | 79.9 4.63 4.88 

41 88.9 ‘2s | 6.1 82.8 4.80 5.05 

229 89.6 10.4 5.7 83.9 4.87 5.13 





*a’ = B/1.84 at 2° F.; 8/1.82 at 12° F. 
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size of the crystals formed. The quantity present in the sandy samples is minute 
compared to that in the samples that were not sandy (Figure 5). 


DISCUSSION 

In normal ice cream sandiness seldom develops if the product is stored at low 
temperatures (—10° F. or below). At higher temperatures the ice cream will 
become sandy if it is stored for a sufficient period of time. The rate at which the 
lactose crystals develop is dependent upon the temperature and upon the lactose 
(MSNF) level. The factors recognized as being involved in lactose erystallization 
are: (a) nuclei formation, (b) rate of change of beta to alpha lactose, and 
(ce) deposition of alpha on these crystal centers, including diffusion of lactose to 
the nuclei and orientation of the molecules into the crystal matrix. 

The results of this study indicate clearly that at a relatively high storage 
temperature (12° F.) lactose erystallization proceeds rapidly when crystal nuclei 
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Fig. 5. Quantity of alpha laetose hydrate crystallizing in seeded ice creams of 12-18% 
MSNF during storage at 2° and 12° F. 


are present. Lowering the temperature to 2° F. retards crystallization somewhat, 
but the rate is still relatively rapid if crystal nuclei are present (Figure 5). 
However, in the absence of nuclei, crystallization proceeds only at a slow rate 
(Figure 2). This shows that the factor limiting crystallization at these tempera- 
tures is nuelei formation. Once these centers are available, alpha lactose can be 
deposited, a shift in equilibrium takes place, and mutarotation then proceeds 
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until final equilibrium conditions are established. The rate at which beta shifts 
to alpha is the factor governing the rate of crystallization in this case. 

In the presence of nuclei the mutarotation rate (Figure 2) is the same for 
all levels of MSNF (10-18%) studied. This proves that mutarotation is not the 
factor determining whether a given ice cream will go sandy or not. It appears 


TABLE 3 
Quantity of alpha hydrate lactose in certain sandy ice creams at 12° F. 





‘ a crystallized 








Total Total a’ in 
Storage Qs B soln.* anhydrous hydrate 
(%) (%) (%) (%) (9/100 a. (g/100 4. 
I.C.) I.C.) 
12% MSNF, 14 days 41.2 58.8 32.3 8.9 0.58 0.61 
16% MSNF, 9 days 36.6 63.4 34.8 1.8 0.16 0.17 
10% MSNF, 70 days 38.4 61.6 33.8 4.6 0.25 0.26 
14% MSNFP, 26 days 43.3 56.7 31.2 12.1 0.95 1.00 





* B/1.82. 


that the rate of nuclei formation must be the limiting or controlling factor. This 
must be dependent upon MSNF content. Temperature also appears to be impor- 
tant in nuclei formation. 

At hardening-room temperatures deposition of lactose is very slow even in the 
presence of nuclei. Viscosity seems to be so high at this temperature that migra- 
tion and orientation of the molecules limit crystallization. The critical tempera- 
ture in this regard appears to lie between —10° and 2° F. (Figure 3). At the 
lower temperature viscosity seems to be of prime importance. At 2° F. nuclei 
formation seems to be the factor limiting crystallization. At this temperature 
and above, mutarotation is the limiting factor when crystal nuclei are present. 


SUMMARY 


A polarimetric procedure was described to measure the rate and quantity of 
lactose crystallizing in ice cream. By use of this method the effects of MSNF 
level, presence of nuclei, and mutarotation rate were studied. Quantitative data 
obtained showed that none of these was controlling the crystallization rate at 
-10° F. Between -10° F. and 2° F. was a critical zone. At 2° F. the factor 
limiting lactose crystallization was the development of crystal nuclei. At this 
temperature and above, crystallization proceeded as rapidly as the mattarotation 
rate allowed, once crystal nuclei were present. 
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WASHED AND NONWASHED BUTTER. II. CHEMICAL FACTORS' 
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The relative keeping quality of washed and nonwashed butter as meas- 
ured by peroxide value and acid degree of the butter oil, pH of the butter 
serum, and copper and iron content of the butter, was determined. The buiter 
was stored at —5° F. for six months. Fditor. 











In a previous paper (7) the average flavor quality of 170 washed butters 
was shown to decrease slightly during storage and to the same extent as that of 
their nonwashed counterparts. This report deals with the keeping quality of the 
same butters as evaluated by the following chemical criteria: peroxide value and 
acid degree of the butter oil, pH value of the butter serum, and copper and iron 


content of the butter. 


METHODS AND ANALYSIS 


The ferric thiocyanate method of Lips et al. (3) was used to determine the 
peroxide value. The acid degree of the butter oil was determined by the method 
of Herrington and Krukoysky (1). A glass electrode Beckman pH meter was 
used for the measurement of the pH value. Copper and iron were determined 
according to the simplified method described by McDowell (5). A Beckman 
model B speetrophotometer was used in the various colorimetric methods. 

All 340 churnings were analyzed initially and after 6 months at —5° F. for 
peroxide, acid degree, and pH values. Copper and iron were determined on the 
June and July samples (154 churnings) and on 44 additional churnings for 
which the flavor scores were low or had decreased on storage. 


RESULTS AND DISCUSSION 


Table 1 shows that washing had little effect on peroxide, acid degree and pH 
values. As indicated in Table 2, this effect was not significant at P-= 0.05 for 
peroxide and acid degree values, but was significant at P = 0.01 for pH values. 
In the range of pH values encountered, a difference of 0.2 pH units is not im- 
portant to keeping quality of butter, as mentioned below. Table 2 indicates also 
that peroxide, acid degree, and pH values varied between factories but were not 
affected by storage for 6 months at —5° F. 


Received for publication March 14, 1956. 
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TABLE 2 
Analyses of variance of peroxide, acid degree, and pH vaiues 





Acid degree 
Souree of variation d. f. Peroxide values values pH values 
mean square*  meansquare* mean square” 





Storage 1 0.2608 06.0003 0.0031 

Washing 1 0.1117 0.0038 0.5517% 
Storage x washing 1 0.0410 0.0005 0.0030 
Factory 28 0.2292' 0.0397 0.7523 
Factory x storage 28 0.1035° 0.00269 0.0067° 
Factory x washing 28 0.0184 0.0005 0.0085 
Factory x storage x washing 28 0.014] 0.0005 0.0031 








‘Using ‘‘ factory x storage’’ as error term. 


» Using ‘‘faetory x storage’’ as error for storage, and ‘‘ factory x washing’’ as error for 
washing and for factory. 

© Significant at P = 0.05. 

“ Significant at P = 0.01. 


Figure 1 illustrates that 94% of the washed and 92% of the nonwashed 
butters had a peroxide value below 2.00 after storage for 6 months at —5° F. 
After the same storage period, 80% of the samples had an aeid degree below 
0.80, as shown in Figure 2. Figure 3 indicates that 86% of the washed and 79% 
of the nonwashed samples had pH values between 6.5 and 8.0. 

Table 3 shows that copper and iron contents were low in most butters. The 
mean values were higher in the samples with flavor score below 39 than in the 
tirst grade butters and slightly higher in the nonwashed than in the washed 
butters. As illustrated in Figure 4, only 4% of the washed and 5% of the non- 
washed samples (June and July) had a copper content greater than 0.150 p.p.m. 
Figure 5 illustrates that 4% of the washed and 14% of the nonwashed butters 
had an iron content greater than 1.00 p.p.m. 

Analysis of the data revealed that the effect of washing on the copper content 
of butter was significant only for the group of samples with flavor score below 
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Fig. 1. Frequeney bar chart of peroxide values of butter stored six months at —5 F. 
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first grade, whereas iron content was not significantly affected by washing. This 


indicates that in some instances only did washing decrease the copper content of 


butter. Since copper and iron are located mainly in the serum portion of the 


butter, their content will be affected by washing depending on the purity of the 


water and the extent of washing. 
Relationship with flavor score. The data in Table 4 relate the flavor score with 


the chemical factors. 


At the leve 


ls of peroxide, acid degree, and pH values 


encountered in this study, no significant relationship was found between these 


values and flavor seore. It is, however, undoubted that wider variations in per- 
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rig. 4. Frequency bar chart of copper content of stored butter. 


oxide and acid degree values would correlate them with flavor score. The samples 
with flavor score below 39 were in the pH range of 6.4 to 8.0, whereas the nine 
samples with pH values below 6.4 and the 28 samples with pH values above 8.0 
were scored 39 after storage for 6 months at —5° F. Inverse relationships, how- 
ever, were found between flavor score and copper and iron contents. The data 
in Table 5 show that these relationships were significant for both washed and 
nonwashed butters. 

Table 6 indicates that peroxide values were inversely correlated with pH 
values for both washed and nonwashed butters, but not with copper and iron 
contents. Pont (6) found a relationship between copper content and peroxide 
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TABLE 4 
Relationship between chemical factors and flavor scores of washed and 
nonwashed butter after storage 











Chemical Flavor score 
factor Treatment +() 39 38 37 36 
No. samples Washed l 142 20 4 3 
Nonwashed 0 139 24 4 3 





(mean values) 


Peroxide value 








Washed 0.86 ia 1.00 0.82 1.04 
Nonwashed - 1.12 1.12 0.54 0.85 
Acid degree Washed 0.65 0.47 0.53 0.51 0.70 
value Nonwashed 0.48 0.55 0.47 0.68 
pH value Washed 6.7 7.0 7.3 7.3 7.2 
Nonwashed 7.3 7.2 7.4 y Po | 
No. samples Washed 1 52 19 3 2 
Nonwashed 0 49 23 3 2 
(mean values) 
Copper (p.p.m. ) 
Washed 0.059 0.058 0.078 0.069 0.082 
Nonwashed - 0.063 0.099 0.099 0.065 
Tron (p.p.m.) Washed 0.34 0.58 0.64 1.15 1.18 
Nonwashed -- 0.69 0.87 1.28 1.32 





value of factory butter. Julien and Martin (2, 4) reported that a copper content 
greater than 0.15 p.p.m. or an iron content greater than 1.00 p.p.m. increased the 
peroxide value of butter. Of the 154 samples analyzed in the present investiga- 
tion, only 12 exceeded 0.150 p.p.m. of copper, and 24 exceeded 1.00 p.p.m. of iron. 
Only two samples had copper and iron contents exceeding both of the above 
limits, and both samples had a flavor score of 38 after storage. Ten samples that 
were graded 36 or 37 for flavor were higher in iron content (mean 1.23 p.p.m.) 
and in copper content (mean 0.080 p.p.m.) than the averages for all samples. 
The mean peroxide value of these ten samples (0.81) was, however, below the 


TABLE 5 


Significance of relationship between chemical factors and flavor score* 








Chemical factor Treatment d. f. x 
Peroxide value Washed 5 6.691 
Nonwashed 5 4.992 
Acid degree value Washed + * 7.892 
Nonwashed 3 3.458 
pH value Washed 5 7.166 
Nonwashed 5 9.199 
Copper Washed 5 15.840” 
Nonwashed 3 11.181° 
Tron Washed 3 13.655” 
Nonwashed 3 12.516” 





* The samples were grouped into first grade (39 or more) and below first grade categories. 
» Significant at P = 0.01. 
Significant at P = 0.05. 
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TABLE 6 


Correlation of peroxide with copper, iron, and pH 








Peroxide (Y) Copper (X,) Iron (X:) pH (Xs) 
Washed butter 

Correlation 0.0351 0.1164 0.4492" 

Coefficient of multiple correlation R= 0.405" 

Regression equation Y = 0.098 X, + 0.462 X. + 0.473 Xs; + 1.986 


Vonwashed butter 


Correlation 0.0198 0.1124 0.4568* 
Coefficient of multiple correlation R = 0.408* 
Regression equation Y = 0.295 X, + 0.195 X. + 0.471 Xs + 1.985 





* Significant at P = 0.01. 


average for all samples. These low scoring samples were obtained from poor 
quality cream and their flavor was unclean or stale. 


SUMMARY 


Washed and nonwashed butters were compared with respect to peroxide 
value, acid degree, and pH, before and after storage, and for copper and iron 
content after storage for 6 months at —d° F. 

In the conditions of this study, washing and storage had no effect on peroxide 
and acid degree values. Washing had no effect on iron content but decreased 
the copper content slightly in a few instances and inereased the pH value by 0.2 
unit. Flavor score after storage was correlated with copper and iron content 
but not with peroxide value, acid degree, or pH. Peroxide value was inversely 
correlated with pH but was not correlated with copper and iron content. 
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WASHED AND NONWASHED BUTTER.’ IIT. 
MICROBIOLOGICAL ASPECTS 
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To determine the relation of washing to the keeping quality of butter, 
microbiological analyses of 170 pairs of comparable washed and unwashed 
butters were made. The results indicate that nonwashing is not a signifi- 
cant step in the manufacture of butter from the standpoint of the micro- 
bial content. Fditor. 











Microorganisms may be significant factors in producing flavor and other 
defects in butter. It is important, therefore, that any major change in manu- 
facturing procedures, such as eliminating washing the butter granules with 
chilled water, should not induce an inerease in microorganisms. Arnott ef al. 
(2) found that, under experimental conditions, the effect of nonwashing on the 
bacterial count of butter was not significant. Pont (5, 6) reported higher average 
bacterial counts in nonwashed than in comparable washed butters made in some 
creameries, but in other plants the reverse was true. He considered that bacterial 
activity had little or no effect on quality. MeDowall et al. (4) reported that 
bacterial counts of washed and nonwashed butters were not significantly different 
at any stage. 

This paper presents the results of the microbiological analyses of 170 pairs 
of comparable washed and nonwashed butters reported on previously (7). 


EXPERIMENTAL PROCEDURE 

Sampling. The 7-lb. boxes of butter were tempered at 50° F. for 48 hours. 
Samples for analysis were taken with a sterile trier at three different places, and 
the top portion of the plug was discarded. Different boxes from the same churn- 
ing were used for sampling at the initial grading and after 6 months storage. 

Analytical methods. Bacterial counts were made on tryptone glucose extract 
agar. Just before pouring, 0.5% of sterile skimmilk and 0.5% of a sterile emul- 
sion of 3% milk fat in 0.5% agar were added to the medium as recommended by 
Long and Hammer (3) for the enumeration of proteolytic and lipolytic organ- 
isms. Dilutions of 1:100 and 1:1,000 of the melted butter were used, with incu- 
bation at 32° C. for 48 hours. Before counting, plates were warmed in a 45° C, 
incubator to facilitate differentiation of lipolytic colonies. Mold and yeast counts 
were determined on malt agar acidified with sterile 10% lactic acid to pH 3.5 
+ 0.1, with incubation at room temperature (20-24° C.) for 5 days (1). Desoxy- 
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TABLE 1 


Distribution of butters according to total mold and yeast count 





Initial grading After storage 


Range of counts 














per ml. Washed Nonwashed Washed Nonwashed 
(No.) (%) (No.) (%) (No.) (%) (No.) (%) 
5,000 and less 59 34.7 50 31.8 80 47.6 74 43.8 
5,001 — 10,000 31 18.2 26 15.3 30 17.9 29 17.2 
10,001 — 20,000 24 14.1 33 19.4 15 8.9 25 14.8 
20,001 — 50,000 18 10.6 20 11.8 14 8.3 15 8.9 
50,001 — 100,000 23 13.5 16 9.4 11 6.5 9 5.3 
100,001 — 250,000 11 6.5 11 6.5 6 3.6 6 3.5 
250,001 —-500,000 + 2.4 5 2.9 6 3.6 5 3.0 
More than 500,000 _ _ 5 2.9 6 3.6 6 3.5 
Log av. 11,000 13,000 6,800 8,100 





TABLE 2 


Distribution of butters according to total mold and yeast count 





Range of counts Initial grading After storage (6 months at —5° F.) 








per ml. Washed Nonwashed Washed Nonwashed 
(No.) (%) (No.) (%) (No.) (%) (No.) (%) 
o— 10 94 55.3 89 52.4 117 69.6 111 65.7 
ll— 50 34 20.0 29 17.0 25 14.9 37 21.9 
51 — 100 15 8.8 17 10.0 11 6.6 2 1.2 
> 100 27 15.9 35 20.6 15 8.9 19 11.2 





cholate agar was used for coliform determinations with 2.5 ml. of a 1:10 dilution 


in each plate. Ineubation was at 35° C. for 24 hours. All counts reported are 


averages of duplicate plates. 


RESULTS AND DISCUSSION 

The distribution of the churnings according to bacterial counts and total 
mold and yeast counts was similar for the washed and nonwashed butters, as 
shown in Tables 1 and 2. Logarithmic averages indicate that the washed butters 
had slightly lower bacterial counts than the nonwashed butters, both before and 
after storage. The data showed that the counts of 78.2% of the washed and 72.6% 
of the nonwashed butters decreased during storage. The bacterial counts of indi- 
vidual pairs of churnings of the two types of butter, however, did not show any 
consistent pattern. At the initial examination, 57.7% of the 170 pairs of churn- 
ings had bacterial counts in the same range, and 18.2% of the washed and 24.1% 
of the nonwashed butters had counts higher than their counterpart. After stor- 
age, 59.5% of the paired churnings had counts in the same range, and 18.5% 
The 


majority of the paired churnings showing differences in bacterial counts were 


of the washed and 22.0% of the nonwashed butters had the higher count. 


in the ranges below 50,000 per milliliter. The logarithmic averages of the bac- 
terial counts of paired churnings made in the same plant were lower for the 
washed butters in 18 creameries and lower for the nonwashed butters in 11 
ereameries. 


For total mold and yeast counts, 67.1% of the paired churnings were in the 
same range, and 11.8% of the washed and 21.1% of the nonwashed butters had 
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the higher counts. A similar distribution for total mold and yeast count was 
observed after storage. 

There were wide differences in the bacterial counts of some individual pairs 
of churnings at initial grading, which were difficult to explain. In creameries 
with only one churn, such differences may have been due to the sequence of the 
churnings, since the cream for the first churning would pick up mere of any 
microbial contamination present on the equipment. In some instances, the con- 
siderably higher counts of the washed butters could be attributed to high count 
water supplies. 

Proteolytic and lipolytic counts. Proteolytic colonies were present on the 
plates from all butters. On the average they represented 10% of the total bac- 
terial count, and for a few samples of both washed and nonwashed butters they 
reached a maximum of 60% of the total colonies. Table 3 shows the paired 
churnings of washed and nonwashed butters with proteolytic counts in the same 
range. The majority of the paired churnings with proteolytic counts in different 
ranges for the washed and the nonwashed butters were below the 10,000 per milli- 


TABLE 3 
Paired churnings of washed and nonwashed butters in the same range of proteolytic counts 





Range of proteolytic 











counts per ml, At initial grading After storage 

(No.) (%) (No.) (%) 

2,500 and less 113 67.7 117 70.5 

2,501 — 5,000 9 5.4 2 1.2 

5,001 — 10,000 6 3.6 24 1.2 

10,001 — 20,000 6 3.6 3 1.8 
20,001 — 50,000 5 29 1 0.6 
Washed more than nonwashed 14 8.4 20 12.0 
Nonwashed more than washed 14 8.4 21 12.7 








TABLE 4 
Distribution of churnings according to bacteria counts in relation to flavor scores 
at initial grading 





Range of bacteria counts Flavor Seore 
per ml. 40 39+ 39* 38 





Washed butters 


5,000 and less 4 5 47 5 
5,001 — 10,000 2 3 22 2 
10,001 — 20,000 5 17 2 
20,001 50,000 1 1 15 1 
50,001 — 100,000 2 3 17 1 
100,001 — 250,000 1 _ 10 “ a 
250,001 500,000 _ 9 9 
Nonwashed butters 

5,000 and less 2 t 40 8 
5,001 10,000 1 35 = 
10,001 20,000 ° } 29 5 
20,001 50,000 2 1 17 ~ 
50,001 100,000 1 3 12 _— 
100,001 250,000 1 9 1 
250,001 500,000 5 _ 
More than 500,000 1 1 9 1 











* 39 liner score churnings included with 39 score churnings. 
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TABLE 5 
Distribution of churnings according to bacteria counts in relation to flavor scores after 
storage (6 months at —5° F.) 





Range of bacteria Flavor seore 
counts per ml. 40) 39+ 39° 38 37 36 





Washed butters 


5,000 and less l 3 59 14 1 2 
5,001 — 10,000 _— 24 3 2 1 
10,001 — 20,000 . 1 13 1 ae ‘ats 
20,001 — 50,000 a a 13 1 i a 
50,001 100,000 . 1 9 ~ 1 = 
100,001 250,000 — ~ 6 = — _ 
250,001 — 500,000 - 1 4 1 ‘a ite 
More than 500,000 — 6 - os 
Nonwashed butters 

5,000 and less 3 54 12 2 3 
5,001 10,000 - 25 3 1 — 
10,001 20,000 ~ -- 21 3 1 a 
20,001 — 50,000 — 1 12 2 — _ 
50,001 — 100,000 — 1 7 1 — _ 
100,001 — 250,000 -- — 6 a - 
250,001 500,000 - — 5 — ~ - 
More than 500,000 ~- — 6 _ - - 











*39 liner score churnings included with 39 score churnings. 


liter level. With the method used, organisms showing lipolytic activity were 
present in approximately 35% of both washed and nonwashed butters at initial 
grading with counts ranging from less than 100 to 6,000 per milliliter. After 
storage only 23 washed butters and 21 nonwashed butters showed the presence of 
lipolytie colonies. 

Coliform organisms. When 2.5 ml. of a 1:10 dilution of the butters were 
plated in duplicate, 90% of the washed and 85% of the nonwashed butters 
showed no coliform organisms. Only five washed and ten nonwashed butters 
had coliform counts exceeding 10 per milliliter at the initial grading. After 
storage only three samples of both the washed and nonwashed butters showed 
coliform organisms. 

Flavor scores and bacterial counts. The distribution of the butters according 
to flavor score in relation to bacterial counts at initial grading and after storage 


TABLE 6 
Chi-square values showing independence of flavor score* to bacterial counts 








Chi-square Degrees of freedom 
Washed butter 
At initial grading 13.734 12 
After 6 months at —5° F. 14.210 12 
After 10 monthe at —5° F. 
plus 2 weeks at 50° F. 8.789 12 
Nonwashed butter 
At initial grading 25.063 16 
After 6 months at —5° F. 18.457 16 
After 10 monthe at —5° F. 
plus 2 weeks at 50° F. 17.436 14 





* Flavor scores were grouped in 3 classes, e.g., higher than 39, 39 and 39 liner, and lower 
than 39. 
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for 6 months is shown in Tables 4 and 5. A chi-square analysis of the flavor scores 
at three gradings during a 10-month storage period in relation to the initial 
bacterial counts (Table 6) indicate that flavor score was independent of the 
bacterial count even after storage for 10 months at —5° F. plus 2 weeks at 50° F. 
The data showed that for paired churnings, relatively wide differences in the 
bacterial counts of the washed and nonwashed butters had no apparent effect 
on the comparative flavor scores before and after storage. This was due, probably, 
to the absence or low numbers of types of organisms likely to produce flavor 


deterioration. 


SUMMARY 


The microbiological analyses of 170 comparable pairs of churnings of washed 
and nonwashed butters from split vats of cream are reported. 

The logarithmic averages for all butters showed a somewhat lower bacterial 
count for washed than for nonwashed butters before and after storage. Loga- 
rithmic averages of the bacterial counts of butters from individual creameries 
showed that the washed butter in 18 plants and the nonwashed butter in 11 
plants had lower counts than their counterpart. 

Flavor score was independent of the bacterial count at all gradings during a 
10-month storage period for both types of butter. 

The result indicate that nonwashing during manufacture was not a significant 
factor in increasing the microbial content of the butters. 
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ment of free fatty acids. Editor. 





Because of the relationship of lipase to the flavor control of dairy prod- 
ucts, it is important to have a better knowledge of the lipase system of 
milk. This study has to do with the development of a method of study that 
makes use of the natural milk fat substrate, relatively short incubation 
periods, and a rapid, sensitive, and reproducible procedure for the measure- 








Herrington has presented two reviews of the literature on milk lipase (5, 6). 
The enzyme is acknowledged to have a pH optimum between 8 and 9, to hydro- 
lyze tributyrin more readily than milk fat, and to be activated by various mechan- 


ical and thermal treatments of milk. 


From time to time, attention has been focused on the possibility of the exis- 
tence of more than one lipase in milk but, in general, the evidence to support 


this has been more speculative than conclusive (/, 7, 8, 10, 12, 13). Dorner and 


Widmer (7) noted that pasteurized, homogenized milk occasionally became ran- 


cid and suggested that two lipases may be present in milk, one more thermo- 
labile than the other. These investigators also reported that the rancidity which 


occasionally developed in pasteurized milk was atypical in odor and _ flavor. 
Herrington and Krukovsky (7) postulated that a formalin-sensitive and a formal- 
in-tolerant lipase exists in milk and that the concentration of the two enzymes 
varied in the milk of individual cows (8). Peterson et al. (13) suggested the 


possible existence of two lipases in milk based on the fact that some of the milks 
which they investigated lost considerable lipolytic activity upon storage, whereas 
other milks did not. More recently, Nelson (72) found that lyophilized raw 
separator slime when incubated with tributyrin exhibited pH optima at 7.9 and 
at 8.5. However, he was unable to obtain the optimum at pH 7.9 in raw skimmilk 


containing tributyrin. 


In general, the procurement of data on the milk lipase system has been rather 
difficult. The natural substrate, milk fat, apparently is not too readily hydro- 
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lyzed. As a consequence, long incubation periods are necessary, which make the 
data questionable from an enzymatic standpoint. The use of substrates other 
than milk fat has considerably shortened incubation periods, but this practice 
precludes direct application of the data. Also, the usual methods for the de- 
termination of free fatty acids produced as a result of lipolysis have been time- 
consuming and/or have lacked sensitivity. 

This paper reports an investigation on the milk lipase system made by using 
the natural milk fat substrate, relatively short incubation periods, and a rapid, 
sensitive, and reproducible method for the measurement of free fatty acids, with 
the main purpose of determining whether more than one lipase exists naturally 
in raw skimmilk. A preliminary statement of these findings has appeared pre- 
viously (14). 

PROCEDURE 

Lipase source and preparation. One large lot of raw, lyophilized skimmilk 
powder served as a uniform source of the milk lipase system throughout the in- 
vestigation. The powder was prepared in the following manner: 

Raw, fresh, mixed-herd milk was used. The milk was a mixture of evening 
and morning milks and was procured for lyophilization once a week over a period 
of 2 months (from early January to early March). 

For preparation of each lot, the milk was warmed carefully to 37° C., sepa- 
rated mechanically, cooled, and then poured into flat 8” by 12” Pyrex dishes. The 
milk was frozen at -40° C. then dried from the frozen state in a commercial 
Stokes lyophilizer at —5.6° C. and under a vacuum of 250» residual pressure. 
The dried milk was ground to a semi-fine consistency in a cold mortar and stored 
in a brown glass bottle at 4° C. A dialyzing bag containing anhydrous CaCl, 
was taped to the inside of the cover of each bottle. When about 8 lb. of the pow- 
der had been accumulated, the individual lots were combined homogeneously to 
make one large composite and again stored at 4° C. in brown glass bottles. 

The powder, which reconstituted easily even in concentrations as high as 
40% solids, retained its full lipolytic activity at pH 6.6, pH 7.9, and pH 8.5 
when assayed under identical conditions over a 7-month period.* 

Substrate source. Pasteurized, homogenized cream was used as the source of 
substrate for the milk lipase system. Freshly separated raw cream was pasteur- 
ized at 70° C. for 30 minutes and then homogenized. The fat content of the 
cream and the homogenization pressures used are given later. Five ml. of toluene 
(C.P.) was added per liter of cream, and the mixture was stored at 4° C. 
Before any toluene-treated cream was accepted as a source of substrate, it was 
first ascertained that the preserved cream, was stable to changes in pH over a 
6-hour period, at 37.5° C., at several pH levels, and in the absence of added en- 
zyme source. The results obtained were used as an index for the potential keep- 
ing quality of the preserved cream and served, also, for establishing the maxi- 
*For these assays a commercial dried cream marketed under the trade name ‘‘Pream’’ 


was used as the source of substrate. 
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mum incubation period permissible before significant microbial activity occurred. 


Toluene had no adverse effect on lipolytie activity over a 1-hour incubation 
period at pH 6.6, pH 7.9, and pH 9.1, even when present in concentrations as 
high as 0.1 M°. 


General assay procedure. Quantitative technique and distilled water were 


used in all experiments. 


Preparation of reaction mixture. The raw skimmilk powder and preserved cream were 
prepared for assay of lipase activity as follows: A quantity of the raw skimmilk 
powder was weighed rapidly and dispersed by means of a magnetie stirrer in a given 
volume of water. When the powder had dispersed completely, the pH of the reeon- 
stituted raw skimmilk was adjusted as desired with carbonate-free 1 N NaOH or with 
0.25 N HCl added dropwise. The adjusted raw skimmilk was then made up to a 
definite volume with water. 

For preparation of the substrate, a given quantity of the preserved cream was 
tempered to room temperature, and the pH was adjusted to that of the raw skimmilk 
with 1 NV NaOH or with 0.1 N HC] and then made up to a definite volume with water. 
i 


Both skimmilk and cream were tempered to 37.5° C. + 0.5° C. in a constant tem- 


perature water bath. This incubation temperature was used in all experiments. 


Incubation. After attainment of temperature equilibrium (about 10 minutes) a vol- 
ume of the raw skimmilk and cream was pipetted into the reaction vessel (200-ml. 
electrolytic beaker). 

The pH of the reaction mixture was maintained within + 0.05 pH units of the 
desired level throughout the incubation period by using a Beckman Model K auto- 
matic titrimeter. This procedure for maintenance of pH was used in preference to 
buffers since the effect of buffers on the milk lipase system was not known. However, 
the use of the automatic titrimeter permitted only one sample to be run at a time. 
This necessitated that conditions be duplicated exactly from assay to assay within 
any individual experiment. 

The reaction vessel was shaken at 200 oscillations per minute (Burrell Wrist- 
Action Shaker) in order to disperse the intermittent supply of alkali fed in by the 
titrimeter in keeping the pH constant. 

A control was run simultaneously. This consisted of incubating separately the 
same quantities of adjusted raw skimmilk and cream as were used in the reaction 
vessel. These quantities were pipetted into 100-ml. volumetric flasks attached to the 
arm of the shaker. No control of the pH of the blanks was made during the incubation 
period. Incubation of the cream alone was done to permit estimation of nonenzymatic 
hydrolysis of the fat. Changes in the control during incubation were found to be in- 
significant at all of the pH levels investigated. 

For measuring the free fatty acids, samples were pipetted from the reaction ves- 
sel into 20% HsSO,. This inhibited further activity and also liberated the fatty acids 
from their salts prior to analysis. Proporticnal amounts of the skimmilk and cream 
blanks were treated in the same fashion. The small increase in the volume of the 
sample due to maintenance of pH by the titrimeter was corrected for in the caleula- 
tions." 

Analysis for free fatty acids in the reaction mixture was made by a modified 
direct silica gel—-solvent extraction method (4). This procedure permitted the estima- 
tion of total free fat acidity in a sample to be made in approximately 10 minutes. 


‘The inerease in volume never exceeded 1% of the total volume. 
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RESULTS 


Effect of pH and time on activity. The raw skimmilk powder and preserved 
cream were prepared for assay as previously described. Ten g. of the raw skim- 
milk powder was dispersed in 40 ml. of distilled water, the pH was adjusted and 
the milk was made to a volume of 60 ml. Forty-five ml. of toluene-treated cream 
was adjusted to the desired pH and then made up to 50 ml. The cream contained 
20% milk fat and was homogenized at 2,000 p.s.i. Thirty ml. of the reconstituted 
skimmilk and 25 ml. of the cream were incubated together. The same volumes 
served as blanks. The final concentration of milk fat in the reaction vessel was 
8.18 ‘ 


; the concentration of raw solids-not-fat was 9.09%. The pH levels studied 
were 5.20, 5.75, 6.25, 6.65, 6.80, 7.00, 7.25, 7.50, 8.10, 8.35, 8.60, 9.10, and 9.80. 
Samples were removed from the reaction vessel and proportional amounts from 
the skimmilk and cream blanks at 0, 1, 3, and 5 hours for free fatty acid analysis. 

Figure 1 is a plot of time vs. activity at the various pH levels. No activity 
was detected at either pH 5.2 or at pH 9.8. Variations in reaction rates at differ- 
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Fig. 1. Time-activity curves for the milk lipase system at various pH levels. 


ent pH levels are shown by some of the curves leveling off sooner and/or more 
pronouncedly than others. 


In Figure 2, pH is plotted against the activity noted at the end of the three 


incubation periods studied. The so-called pH-activity curves obtained show a 
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Fig. 2. Effect of time on the pH-activity curve of the milk lipase system. 


distinct optimum near pH 8.5. This is in agreement with the results reported in the 
literature for milk lipase. However, the 3- and 5-hour curves also show a small 
peak at pH 7.0 or thereabouts; this has not been reported before.® The 1-hour 
curve does not show the small peak at pH 7.0, but the curve is rather distorted 
on the acid slope. 

The importance of the duration of the incubation period in interpreting 
the experimental results is manifested by appearance of the small peak at pH 7.0 
and also in the over-all shape of the individual curves. 

Influence of concentration of substrate on the activity of the milk lipase sys- 
tem. The effect of varying the concentration of milk fat on the activity of the 
milk lipase system was investigated over a wide pH range. The raw skimmilk 
powder was reconstituted and prepared as described under the procedure. Pas- 
teurized 27.5% eream homogenized at 2,500 p.s.i. and preserved with toluene 
was used as the substrate. The cream was weighed directly into the reaction ves- 
sel, and after adjustment of pH the cream was diluted to constant volume with 
pasteurized skimmilk instead of water. The rest of the procedure was identical 
to that described previously. The final volume in the reaction vessel was 50 ml. ; 
the concentration of raw solids-not-fat was 10% ; the concentration of milk fat 


* Relatively small amounts of acid were produced in the vicinity of pH 7.0. For this reason, 
on several occasions, the assays at pH 7.0 and thereabouts were either repeated using a greater 


concentration of raw skimmilk powder, or else a larger sample was analyzed for free fatty 
aeids. The data in Fig. 2 are typical of the results obtained. 
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Fig. 3. Influence of substrate concentration on the velocity of lipolysis at various pH 
levels. Abscissa: grams milk fat in 50 ml. reaction mixture. Ordinate: velocity/ml. reaction 
mixture, expressed as ml. 0.01 N aleoholie KOH/ml. reaction mixture/hour. Incubation time, 
1 hour. 


was varied from 0.46 to 8.25 g. (from 0.92 to 16.5 % ). The samples were inecu- 


bated for 1 hour. 

Figure 3 illustrates the effect of substrate concentration on lipolysis at the 
various pH levels investigated. Note that all curves tend to level off when a cer- 
tain concentration of substrate is reached. 

A plot of the velocity of the lipolytic reaction against the quotient of the 
velocity divided by the substrate concentration is depicted in Figure 4. This 
plot, which is a variation of the Michaelis-Menten equation in linear form, gives 
a better distribution of determined points on the curve than does the Lineweaver- 
Burk variation. Deviation from linearity suggests that more than one enzyme 
is attacking the substrate simultaneously (9). The figure reveals that all of the 
curves are nonlinear except the curve at pH 6.2. At pH 6.6, pH 7.0, and pH 7.5 
the lines are concave upward. At pH 7.9 the curve is concave upward but also 
shows an inflection point. The curves at pH 8.35 and at pH 8.8 are also non- 
linear but curve downward. 

It is not convenient to caleulate the Michaelis constant at any pH other than 
6.2 since all other curves are nonlinear. Under the conditions of this experiment 
the maximum velocity attainable at pH 6.2 is 0.55 ml1/0.01 N alcoholic KOH per 
milliliter reaction mixture per hour. The Michaelis constant, Km, was calculated 
to be approximately 6.0 < 10° moles per liter, assuming milk fat to have an aver- 
age molecular weight of 740. 
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Fig. 4. Lipolytie activity of milk at various pH levels as influenced by the concentration 
of substrate. Abscissa: velocity/ml. reaction mixture divided by the substrate concentration, 
expressed in ml. 0.01 N alcoholic KOH /ml. reaction mixture/hr. divided by grams of milk fat 
in 50 ml. reaction mixture. Ordinate: velocity/ml. reaction mixture, expressed in ml. 0.01 N 
aleoholie KOH/ml. reaction mixture/hour. Incubation time, 1 hour. 


The influence of substrate concentration on the activity of the milk lipase 
system at the various pH levels investigated is more clearly evident in Figure 5. 
Clearly, the concentration of substrate available to the lipase system has a pro- 
found effect on its activity at a given pH. There are four optima present in 
Figure 5: at pH 8.5, pH 6.5-7.0, pH 7.9, and a broad optimum between pH 7.0 
and pH 8.0 at very low substrate concentrations. 


DISCUSSION 

The lipolytic enzyme system of cow’s milk has been acknowledged to be 
relatively difficult to study. This is due to such factors as the variable concen- 
tration of the enzyme system in the daily fluid milk supply, the apparently slow 
rate at which the natural substrate, milk fat, is attacked, the general complexity 
of milk, and the inadequacies of the methods used for measuring lipolytic activity. 
Therefore, in establishing the conditions for this study, one of the first con- 
siderations was to adopt procedures that would be sensitive and reliable and 
would minimize the shortcomings and ‘weaknesses of those used previously. 

The use of lyophilized raw skimmilk powder served to answer the problem 
of a uniform enzyme source, which could be stored without loss of lipase activity. 
Also, any concentration of raw skimmilk powder (within the limits of dispersi- 


bility) could be attained, thus making it possible to estimate activity in a rela- 
tively short time on the natural substrate, milk fat. 

The optimum for milk lipase at pH 8.5 has been noted frequently in the past 
by other investigators, and this fact was substantiated in this study. However, 
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reaction mixture). Incubation time, 1 hr. 


at the time this study was made, no one had reported an optimum in the vicinity 
of pH 7.0. The reasons for this are evident from the results obtained in this 
study. 

First, the optimum is rather indistinct when it does appear, and, therefore, 
great care must be taken in maintaining the pH at 7.00. Furthermore, other pH 
levels in the close vicinity of this pH must also be investigated. Second, the 
shape of the pH-activity curve and the appearance and sharpness of the optima 
at pH 8.5 and at pH 7.0 will be dependent upon the incubation time employed 
on any particular milk fat substrate. Thus, too short or too long an incubation 
period may cause obliteration of the small peak at pH 7.0 because of the magni- 
tude of acid production at pH levels above 7.0 disproportionate to the acid pro- 
duced at pH 7.0. 

Third, many investigators have employed tributyrin as substrate and have 
used rather short incubation periods. For example, Peterson et al. (13) and 
Nelson (12), using incubation periods of 30 minutes and 1 hour, respectively, 
found the optimum for milk lipase attacking tributyrin to be at pH 8.5. Their 
pH-activity curves gave no indication of increased lipolytic activity at pH 7.0 
or, in faet, of any lipolytie activity whatsoever at pH leyels approximating that 
of normal milk. The fact that they could not detect activity in the vicinity of 
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the pH of normal milk whereas in this study activity was noted as low as pH 
5.75, indicates that either their conditions were not conducive for the estimation 
of full lipolytie activity or else one or more lipolytic enzymes were absent from 
the skimmilk which they used. 

The pH-activity curves of Dunkley and Smith (2) obtained on both tributyrin 
and milk fat at 10° C. revealed that even though the same pH optimum was 
obtained on both substrates, much more activity was apparent on the milk fat 
substrate on the acid slope of the curve than was apparent on the tributyrin 
substrate. Moreover, it appeared that the activity on milk fat would occur at 
a pH of approximately one unit below the point where activity on tributyrin 
would cease. However, Mattick and Kay (11), using tributyrin and a 6-hour 
incubation period, obtained a pH-activity curve that somewhat resembled the 
l-hour curve obtained in this study, i.e., it was ‘‘swollen’’ on the acid slope. 
Mattick and Kay did not report on pH levels below pH 6.6, but a study of their 
data indicates that activity would take place below this.° 

The information now available raises a question regarding the validity of 
the use of tributyrin in milk lipase studies since the results do not appear to 
be identical with those obtained when milk fat is used. 

The existence of several lipases in milk is also indicated by the studies on 
the effect of varying the concentration of substrate. The pH-activity curves 
obtained at the different substrate levels revealed pH optima at 8.5, 6.5-7.0, and 
7.9 and a broad optimum between pH 7.0 and 8.0. The optimum at pH 7. has 
been indicated previously by Nelson for separator slime (72) and by Itoh and 
Kamisasanuke for milk ‘‘esterase’’ (10). The appearance of the peaks at the 
different substrate levels is probably most readily explainable by differences in 
the affinity of the enzymes for the substrate. 

In the substrate studies when v was plotted against v/S, it was found that 
all curves were nonlinear above pH 6.2. The nonlinear curves indicate the multi- 
plicity of the lipase system at these particular pH levels, according to the in- 
terpretation of Hofstee (9). This worker obtained similar nonlinear curves with 
a erude pancreatic preparation, which was later shown to contain two enzymes, 
each of which gave a straight-line plot. 

Since there is evidence for the potential activity of two or more enzymes at 
the normal pH of milk, the difference in affinity of the enzymes for the substrate 
may explain the differences obtained in studies on homogenized and nonhomoge- 
nized milks. In the former, there is a relatively greater concentration of available 
substrate in comparison to nonhomogenized milk, despite the fact that the actual 
concentration of milk fat may be the same in both cases. 

In a fortheoming paper, additional evidence for the existence of several li- 


pases in raw skimmilk will be presented. 


° After this work was completed, it was reported that milk contains four different enzymes 
capable of hydrolyzing tribatyrin. [{ Albrecht, T. W., and Jaynes, H. O. J. Dairy Sci., 38(2): 


137. 1955. ] 
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SUMMARY 


A study was conducted to obtain information on the lipase system of raw 
skimmilk with particular reference to determining whether or not a multiple 
lipase system is present. 

Freeze-dried, raw skimmilk powder was used as the source of the milk lipase 
system, and pasteurized, homogenized cream preserved with toluene served as 
the source of substrate. An automatic titrimeter was employed to maintain con- 
stant pH, and incubations were conducted at 37.5° C. with gentle shaking of the 
reacticn vessel. 

Determination of the free fatty acids produced as a result of lipolysis was 
made by using a rapid silica-gel solvent extraction method. 

Time-activity curves were established over a 5-hour incubation period and 
over a pH range of 5.20 through 9.80. Lipolytie activity was noted as low as pH 
5.75 but not at 5.20. 

Activity-pH curves for incubation periods from 1 to 5 hours revealed an opti- 
mum to be present always at pH 8.5 and a second small optimum present at pH 
7.0 in some eases. The shape of the pH-activity curves and the appearance and 
sharpness of the optima were influenced by the length of the ineubation period. 
Much more activity was evident in the pH range 8-9 than at other pH levels. 

The effect of varying the concentration of milk fat on the velocity of lipolysis 
was investigated over a wide pH range. A plot of the velocity against the quo- 
tient of the velocity divided by the substrate concentration from a linear varia- 
tion of the Michaelis-Menten equation resulted in nonlinear curves at pH 6.60, 
pli 7.00, pH 7.5, pH 7.9, pH 8.35, and pH 8.80. A straight line was obtained 
at pH 6.20. The nonlinear curves suggest the presence of more than one active 
lipase at these pH levels. 

Variations in the substrate concentration over a wide pH range resulted in 
the attainment of pH optima 6.5-7.0, 8.5, and 7.9, and a broad optimum between 
pH 7 and 8, the particular optimum being dependent upon the concentration of 


milk fat employed. 
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Some investigators believe that the enzyme system of milk contains more 
than one lipase. The effect of formaldehyde on milk lipase activity at various 
PH levels and times of incubation tends to substantiate this belief. HMditor. 











Various investigators have expressed concern about the sensitivity of the 
milk lipase system to added formaldehyde (1, 2, 5, 6, 8). The results reported 
in the literature when formaldehyde has been used in milk lipase studies have 
not always been in agreement. The differences may be explained in part by 
nonuniformity of procedures used in respect to concentration of formaldehyde, 
incubation conditions, and methods of measuring the results. 

Herrington and Krukovsky (2) found that lipolytic activity in 20% normal 
raw cream was reduced approximately 70% by addition of formaldehyde, irre- 
spective of the concentration of formaldehyde employed. These workers there- 
fore postulated the possible existence in milk of two lipases, one being sensitive 
and the other tolerant to added formaldehyde. Roahen and Sommer (6) ob- 
tained similar results with formaldehyde. However, according to Tarassuk and 
Richardson (8), the addition of formaldehyde to milk followed by aging re- 
sulted in no loss of lipolytic activity. Peterson et al. (5) reported that formalde- 
hyde inhibited the action of milk lipase on tributyrin by 75% at pH 8.5 during 
a 30-minute incubation period. Gould (1) found formaldehyde to be ineffective 
as an inhibitor of lipase activity in homogenized cream. 

Murray (4), studying the effect of various substances on the velocity of fat 
hydrolysis by pancreatic lipase, observed that aldehydes and ketones markedly 
inhibited the enzyme. By converting the ketone to the corresponding oxime, he 
was able to nullify the inhibitory power of the compound. This led him to postu- 
late that a specific affinity exists between the carbonyl oxygen and the active 
centers of the lipase molecule. - 

The experiments of Weinstein and Wynne (9) supported Murray’s hypothe- 
sis that pancreatic lipase contains essential chemical groups which react or com- 
plex with the carbonyl group of ketones and aldehydes. These investigators also 
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demonstrated that the inhibition by aldehydes (including formaldehyde) and 
related compounds was dependent upon the time of preliminary contact between 
the enzyme and the inhibitor, the molecular volume of the inhibitor, the number 
of carbonyl groups present, and by the presence or absence of the benzene ring. 

Sehwartz et al. (7) have presented experimental evidence indicating that 
more than one lipase may be potentially active in raw skimmilk. The present 
paper constitutes a continuation of that study with special emphasis on the 
effect and mode of action of formaldehyde on the milk lipase system. 


PROCEDURE 


The same lot of raw, lyophilized skimmilk powder used as the enzyme source 
in the previous experiments (7) was employed in the present study. Procedural 
details are also described in that report. 

Addition of formaldehyde. The addition of formaldehyde in the experiments 
to be deseribed was as follows: C. P. formalin containing 38% formaldehyde 
(by volume) was added to the reconstituted raw skimmilk at the pH under in- 
vestigation. The pH was then readjusted, when necessary, and the mixture was 
agitated with a magnetic stirrer for 10 minutes at room temperature. After 
this time, the raw skimmilk was adjusted to volume and allowed to stand undis- 
turbed for an additional 15 minutes. Thus, the total contact time between the 
formaldehyde and the enzyme(s) of raw skimmilk was 25 minutes. 

General assay procedure. The conditions for the assays were as follows: (a) 
Ten g. of raw skimmilk powder was dispersed in 40 ml. of distilled water, the 
pH was adjusted, and, after addition of formaldehyde as described and read- 
justment of the pH if necessary, the milk was made to a volume of 60 ml. Forty- 
five ml. of toluene-treated cream was adjusted to pH and then made up to 50 
ml.; (b) the cream used contained 20.5% milk fat and was homogenized at 2500 
p.s.i.; (¢) the final concentration of substrate (milk fat) in the reaction vessel 
was 8.36% ; the final concentration of raw solids-not-fat was 9.09% ; the final 
volume was 60 ml.; (d) activity at various pH levels was investigated; (e) the 
eoneentrations of formaldehyde in contact with the enzymes in the raw skim- 
milk, in the cream, and the final concentration resulting from mixture of the 
two was varied for each experiment; and (f) samples were removed from the 
incubating mixture and analyzed for total free fatty acids by the silica gel- 
solvent extraction method at the end of the indicated incubation periods. 

Effect of formaldehyde on milk lipase activity at various pH levels and times 
of incubation. The following experimental design was used: (a) one part HCHO 
was added to 1,100 parts skimmilk and one part of HCHO was added to 1,100 
parts of the cream to give a final formaldehyde concentration of 1:1,100 (3.0 x 
10°°M), (b) skimmilk without formaldehyde added was allowed to stand for 25 
minutes and added to formaldehyde-free cream to serve as a control, and (c) 
lipolytie activity was determined after 1 and 3 hours of incubation at the follow- 
ing pH levels: 5.8, 6.25, 7.0, 7.25, 7.5, 7.9, 8.2, 8.7, and 9.1. 





MILK LIPASE SYSTEM. II. 1377 


The results for the control are shown in Figure 1. Since the same enzyme 
source and cream were used in all experiments, the data in Figure 1 represent 
the control for all experiments. 
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Fig. 1. Activity-pH curves for the milk lipase system at 1 and 3 hours. 
Fig. 1A. Activity-pH curves for the milk lipase system at 1 and 3 hours in the presence 
of 3X 10°M formaldehyde. See text for details concerning addition of inhibitor. 


The cream used in this experiment was different from that used in the pre- 
viously reported investigation, but the pH-activity curves are similar to those 
reported (7). It should be noted that although the curves in Figure 1 do not 
show as sharp an optimum at pH 7.0, they are irregular and ‘‘swollen’’ in places 
on the acid slopes. 

The results of lipase activity in the formaldehyde-treated milk system is 
shown in Figure 1A. A comparison of the data in Figures 1 and 1A reveals that 
marked inhibition of the entire system has occurred. The most pronounced effect, 
however, was the proportionately greater reduction in the action of the lipase 
with its pH optimum at about 8.6. As a result of the greater inhibition of this 
lipase, two pH optima, at pH 7.0 and at pH 7.5, are observed after 1 hour of incu- 
bation. However, after 3 hours of incubation, a symmetrical pH-activity curve 
with only one optimum (pH 7.5) is apparent. 

An important aspect of the formaldehyde inhibition was that the percentage 
inhibition decreased with time. Although the decrease in inhibition was not 
constant but varied with the pH, the magnitude of the decrease was slightly 
greater in the vicinity of the optimum. 
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Influence of method of addition of HCHO. A study was devised to determine 
whether the concentration of formaldehyde in contact with the enzyme(s) in 
the raw skimmilk was wholly responsible for the inhibition or whether the forma- 
lin in the cream, and thus the final concentration of inhibitor, also was involved. 
For this purpose, the concentration of HCHO in contact with the enzyme(s) 
in the raw skimmilk was reduced to 1:2,200 (one-half of that used previously ) 
and the concentration of HCHO in the cream was increased proportionately so 
that the final concentration of inhibitor was the same as in the previous trial, 
i.e., 3.0 X 10°. 

The conditions for the assays in this trial were as follows: pH levels between 
6.25 and 9.10 were investigated. The concentrations of formaldehyde in contact 
with the enzymes in the raw skimmilk and in the cream and the final coneentra- 
tion resulting from mixture of the two were as follows: one part HCHO to 2,200 
parts raw skimmilk (1.5 < 10°); one part HCHO to 700 parts cream (4.8 X 
107M). This gave a final concentration of one part HCHO to 1,100 parts mix- 
ture (3.0 x 10°°M). Samples were removed from the incubating mixture and 
analyzed for total free fatty acids at 0.5 and at 1 hour. Results are shown graph- 
ically in Figure 2. The data for the 1-hour control are shown in Figure 1. No 


0.5-hour control was run. 
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Fig. 2. Activity-pH curves for the milk lipase system at 0.5 and 1 hour in the presence 
of 310° M formaldehyde. See text for details concerning addition of inhibitor. 


The 1-hour curve in Figure 2 and the 1-hour curve in Figure LA are almost 
perfectly superimposable. That is, at comparable pH levels, the liberation of 
fatty acids and, therefore, the percentage of inhibition by formaldehyde were 
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of the same order of magnitude. Thus, changing the proportion of inhibitor be- 
tween the skimmilk and the cream did not alter the results. This indicates that, 
under the conditions of these two trials, the final concentration of inhibitor 
present in the medium is the controlling factor. The importance of the length 
of incubation is illustrated again in Figure 2. The 0.5-hour pH activity curve 
shows that one rather broad optimum is present between pH 7.0 and pH 7.5. 
Effect of varying concentrations of formaldehyde. The effect of differences 
in concentrations of formaldehyde on the milk lipase system was investigated. 
PH levels studied were between 6.25 and 9.10. The concentrations of formalde- 
hyde in contact with the enzymes in the raw skimmilk, in the cream, and the 
final concentration resulting from mixture of the two were as follows: (a) low 
formaldehyde level ; one part HCHO to 2,200 parts raw skimmilk (1.5 X 107M) ; 
no HCHO in cream; final concentration of 8.6 x 10°M; (b) high formaldehyde 
level; one part HCHO to 400 parts raw skimmilk (8.3 x 107M); no HCHO in 
eream ; final concentration of 4.6 X 10°°M. Samples were removed from the ineu- 
bating mixture and analyzed for total free fatty acids at the end of 0.5 and 
1 hour at the low level and at the end of 1 hour at the high level of HCHO. 
Activity-pH curves obtained for the low inhibitor concentration are pre- 
sented in Figure 3 (1-hour control for this trial was the 1-hour data in Figure 
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Fie. 3. Activity-pH curves for the milk lipase system at 0.5 and 1 hour in the presence 
of 8.6 X 10°M formaldehyde. 


1). The eurves in Figure 3 show that reducing the concentration of inhibitor 
to a relatively low level altered the pH-activity curves very markedly. Thus, 
a comparison of the 0.5-hour curves in Figures 2 and 3 reveals the latter to ex- 
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hibit a broad optimum from pH 7.5 to pH 8.5, whereas the optimum in the 0.5- 
hour curve in Figure 2 was comparatively sharp near pH 7.25. The 1-hour curve 
in Figure 3 has also changed rather markedly from the 1-hour curves of the 
previous trials. The optimum is at pH 8.5 as in the control but there is still evi- 
denee for another optimum near pH 7.5. Figure 4 shows the results obtained 
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Fig. 4. Activity-pH curve for the milk lipase systemat 1 hour in the presence of 4.6 X 
10°M formaldehyde. 


at the high formaldehyde level (4.6 X 10°°M) ; no activity was observed above 
pH 7.5, and the optimum observed was close to pH 7.0. 

Investigation of factors affecting formaldehyde inhibition. A preliminary 
experiment was conducted in which the effect of formaldehyde was determined 
when the inhibitor was added to the reaction mixture 30 minutes after initiation 
of ineubation. The pH levels investigated were 7.25 and 9.10. The volume of 
formalin added to the reaction mixture gave a formaldehyde concentration of 
1:720 (4.6 X10°°M). Analyses for total free fatty acids were made at the end 
of 1 and 3 hours of incubation. 

Under these conditions, no inhibition occurred at either pH level over the 
entire incubation period. In contrast, addition of the inhibitor in the usual 
manner (i.e., to the raw skimmilk prior to incubation with the substrate) resulted 
in a 72 and 70% inhibition at pH 7.25 at 1 and 3 hours of incubation, respec- 
tively, and complete inhibition at both times at pH 9.1. 

To study the possible mechanism of formaldehyde inhibition, the effect of 


substrate concentration on the inhibition was investigated. The experiment was 
conducted at pH 6.2 since the data presented earlier (7) indicated that only one 
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lipase was active at this pH. The effect of two concentrations of formaldehyde 
was investigated: 6.4 * 10°°M (1:5,150) and 1.75 X 10°°M (1:2,550). The for- 
maldehyde was added to the cream prior to addition of the raw skimmilk and 
subsequent incubation ; thus, no formaldehyde was in contact with the enzyme(s) 
of the raw skimmilk prior to incubation. 

The cream used as source of substrate contained 27.5% milk fat and was 
homogenized at 2,500 p.s.i.; the final volume in the reaction vessel was 50 ml.; 
the concentration of raw solids-not-fat was 10% ; the concentration of substrate 
was varied from 1.3 g. to 5.0 g. (from 2.6 to 10%) ; incubation was for 1 hour. 

In all cases (except one) inhibition by formaldehyde increased as the sub- 
strate concentration decreased. A plot of the reciprocal of the velocity (expressed 
as ml. 0.01 N alcoholic KOH per milliliter reaction mixture per hour) against 
the reciprocal of the substrate concentration (in grams) is shown in Figure 5. 
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Fic. 5. Inhibition of milk lipase by formaldehyde at pH 6.2. Abscissa: reciprocal of the 
substrate concentration in grams. Ordinate: reciprocal of the velocity expressed as ml. 0.01 NV 
aleoholic KOH/ml. reaction mixture/hour. Incubation time, 1 hour. 


At both concentrations there is little or no change in the intercept, but a definite 
change in the slope of the curves has occurred. These facts, together with the 
observation made in the previous formalin experiments, namely, that formalde- 
hyde inhibition is reversible with time, suggest that formaldehyde is a competi- 
tive inhibitor. It is obvious from Figure 5 that, under the conditions in which 
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this experiment was performed, no inhibition will occur when the concentration 
of substrate available to the lipase is large with respect to the concentration of 


lipase. 
DISCUSSION 


The results obtained in this study indicate that the use of formaldehyde as 
an inhibitor of milk lipase must be accompanied by adequate precautions and 
strict control of conditions. The effect of formaldehyde appears to be dependent 
upon five factors: (a) time at which reagent is added to reaction mixture, (b) 
concentration of the reagent, (¢) pH, (d) availability of substrate, and (e) dur- 
ation of the incubation period. 

Many of the conflicting results obtained in milk lipase studies in which for- 
maldehyde had been used apparently may be explained by one or more of the 
above factors. For example, the observation of Gould (1) that formalin caused 
no reduction in lipolytic activity in homogenized cream as contrasted to the 
drastic inhibition reported to oceur in nonhomogenized milk or cream (2, 3, 6) 
most likely finds its explanation in the greater availability of substrate in the 
homogenized product. 

More evidence to support the proposal that a multiple lipase system exists 
in milk is suggested by the peculiar effects of the various concentrations of for- 
maldehyde on the normal pH-activity curve of the milk lipase system. Relatively 
high concentrations of formaldehyde appeared to bring out selectively a sym- 
metrical pH-activity curve with optimum at pH 7.0.17. Also, a reduction in the 
amount of formaldehyde indicated an optimum at pH 7.5. These results con- 
firm the findings presented in the previous paper of this series (7), with the 
exception that the formaldehyde data failed to reveal an optimum at pH 7.9. 

It is acknowledged that the appearance of the different optima with change 
in formaldehyde concentration may be due to a shifting of the long-recognized 
(ea. pH 8.5) optimum for milk lipase since no direct evidence was obtained to 
eliminate this possibility. It was shown, however, that no inhibition would occur 
when (a) excess substrate is available to the enzyme(s), or when (0b) the en- 
zyme(s) are given sufficient time to incubate with the substrate that is avail- 
able before the inhibitor is added. 

These two points, together with the fact that inhibition by HCHO is reversi- 
ble with time and coupled with the data presented in the previous paper (7), 
would seem to indicate that there is a selective inhibition of lipases by formalde- 
hyde under the proper conditions. This would make formaldehyde a peculiar 
and perhaps a unique inhibitor, possessing the potential of competing with the 
fat for, and simultaneously inhibiting to various degrees, the lipases of milk. 
In connection with this statement, although it was established that formalde- 


‘Symmetrical pH-activity curves with an optimum at pH 7.0 were also obtained at 1, 3, 


and 5 hours of incubation by using a different cream as source of substrate and a lower con- 
centration of HCHO. The concentration of available substrate apparently dictates the con- 
centration of HCHO needed to obtain a given optimum, and vice versa. 
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hyde acts as a competitive inhibitor at pH 6.2, there is a good possibility that 
this reagent would also act competitively at most of the pH levels studied since 
the inhibition was reversible at all pH levels (except at pH 9.1 at high concen- 


trations of inhibitor). 
SUMMARY 


A study has been made of the effect of various concentrations of formalde- 
hyde on the milk lipase system. The concentration of HCHO in the final ineu- 
bating mixture was found to be critical. Formaldehyde, when in contact with 
the raw skimmilk prior to addition of the substrate (milk fat) ard to incubation 
always inhibited the milk lipase system, irrespective of the concentration used 
and of the pH level investigated. However, the degree of inhibition was strongly 
dependent upon (a) the concentration of the reagent and (b) incubation time. 
Inhibition by formaldehyde was found to be reversible in that the inhibition 
decreased with time. 

The time of adding the inhibitor was found to be important. When formalde- 
hyde was added to the reaction mixture, 30 minutes after the initiation of ineu- 
bation, the inhibitor was without effect. 

The evidence indicates that formaldehyde behaves as a competitive inhibitor 
and also, under the proper conditions, selectively inhibits the lipases of milk. 
The data substantiate the previous findings that milk contains a multiple lipase 
system. 
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Procedures for Making Acidity Determinations 
of Fluid Dairy Products 


Report of the Subcommittee for Reeommending Uniform Procedures, A.D.S.A. 
F. J. Doan, B. L. Larson, W. C. Winper, and J. G. Leeper, Chairman 


The subcommittee was appointed in 1948 
to recommend uniform procedures for making 
acidity determinations of fluid dairy products. 
Seventy-five questionnaires were sent out to 
various dairy laboratories in boards of health, 
plants, and consulting firms. The questions 
concerned items of procedure and technique 
involved in testing milk, cream, ice cream mix, 
condensed milk, buttermilk, whey, and chocolate 
milk for aeidity. 

The data on the questionnaires were sum- 
marized, The methods and techniques used for 
testing dairy products for acidity were nearly 
as numerous as the number of questionnaires 
returned (42). It was evident that there was 
no uniformity in the procedures used for test- 
ing the various fluid dairy products for acidity. 
Chocolate milk, for example, was reported to 
be tested in 12 different ways. 

In a previous yearly report (1952) the sub- 
committee recommended the adoption of the 
procedures of the late Dr. H. H. Sommer in 
Wisconsin Research Bulletin No. 127 as stand- 
ard acidity tests for the products covered 
therein. Since chocolate milk is not covered 
in this bulletin, the subeommittee was occupied 
for about 5 years in studying a number of 
procedures for testing chocolate milk for acid- 
itv. The work was slow and methodical, and 
about 10 tests were tried and discarded during 
this time. Two hundred twenty-eight question- 
naires and innumerable letters were sent out to 
institutions, laboratories, research men, and 
dairy plant technicians. 

In 1954, as a result of the work done by the 
subcommittee, it made the following recom- 
mendations to the Manufacturing Section of 
the American Dairy Science Association : 

1. That the modified spot plate test and the 
centrifuge test be considered as standard tests 
for determining the acidity of chocolate milk. 

2. That the recommended chocolate milk acid- 


ity tests be tried by a number of institutional’ 


and industrial laboratories and their results 
reported before final adoption of a test by the 
Association, 

These recommendations were accepted by the 
Section and the subcommittee was directed to 
go on with its work. 

Sixty-eight questionnaires and data sheets 
were sent out to industrial, institutional, and 
municipal laboratories. More than 800  indi- 
vidual acidity tests were run with the two ree- 


ommended tests. One institution, which ran 


nearly 500 trials with these tests, found that 
1384 


both of them gave consistent and accurate re- 
sults. The data sheets, for the most part, bore 
out the conclusions which the subcommittee 
arrived at as a result of its studies the previ- 
ous vear. 


Procedure for running the tests: 
1. The modified spot plate test 

(a) Warm the chocolate milk sample to 
room temperature. 

(b) Use 9 g. of sample, two volumes of 
water. 

(c) After each addition of (N,/10) neu- 
tralizer stir and remove two drops of 
the mixture with the stirring rod and 
transfer to each of two depressions in 
a spot plate. Use one spot for a con- 
trol and the other for comparison. 

(d) To the second spot add one drop of 

phenolphthalein indicator. 

The first appearance of a faint but 
lasting pink color is the endpoint for 
the mixture. 

Report the results as percentage of 
lactic acid. 


(e 


(ft 
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2. The centrifuge test 

(a) Warm the chocolate milk sample to 

room temperature. 

(b) Measure 9 ml. of the sample into a 
glass test tube 115 mm. in length and 
21 mm. in diameter. 

Add 9 ml. of water at 70° to 90° F. 
Mix thoroughly. 
(ad) Fit the tube into a rubber stopper so 
that the test tube can be placed in a 
pocket of a Babcock tester. 
Centrifuge the milk for 8 
with no heat on the tester. 
(f) Add 0.2 ml. of 19% phenolphthalein 
and titrate to the endpoint, being 
careful not to stir up the precipitated 
fiber in the bottom of the tube. Use 
a stirring rod with a pitched end. 


(e 


minutes 


(e 


(g) Report the results as percentage of 
lactic acid. 


Conclusions: 

1. The modified spot plate test gives con- 
sistent results and is a relatively simple test 
to perform with only the minimum of equip- 
ment necessary. 
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». The centrifuge test gives a high degree 
of accuracy and replicability. It requires more 
equipment and time to perform than the modi- 
tied spot plate test but the necessary equip- 
ment is readily available in a dairy testing 
laboratory. 

3. From the standpoint of accuracy, the sub- 
committee believes that the centrifuge test is 
the better test to use; however, from a prae- 
tical viewpoint, the subcommittee feels that the 
modified spot plate technique can be used for 
most routine testing because of its simplicity 
and because its degree of accuracy is fairly 


good. 


DETERMINATIONS OF FLUID DAIRY 


PRODUCTS 1885 


Recommendations: 

As a result of the work done, the subcom- 
mittee would like to make the following ree- 
ommendations : 

1. That the modified spot plate test and the 
centrifuge test pe adopted by the A.D.S.A. 
and recommended to the dairy industry as 
standard tests for determining the acidity of 
chocolate milk. 

2. That the procedures as recommended by 
the late Dr. H. H. Sommer in Wisconsin Re- 
search Bulletin No. 127 be adopted as standard 
acidity tests for the products covered therein. 








THE MODE OF ACTION OF ANTIBIOTICS IN THE NUTRITION OF THE 
DAIRY CALF. Il. EFFECT OF AUREOMYCIN! ADMINISTERED 
ORALLY TO YOUNG DAIRY CALVES ON THE SENSITIVITY 
OF INTESTINAL BACTERIA TO PHAGOCYTOSIS? 


J. J. RADISSON,’ E. E. BARTLEY, T. H. LORD, anp M. J. SWENSON 


Departments of Dairy Husbandry, Bacteriology, and Veterinary Medicine 
Kansas Agricultural Experiment Station, Manhattan 





At least a part of the effect of antibiotics on growth is due to their 
effect on the physiology of bacteria in such a manner as to make the 
bacteria more susceptible to the body defense mechanisms and thereby 
less detrimental to their host. It is likely that under different environ- 
mental conditions certain species of bacteria may be more affected than 
others. Fditor. 











In a preceding study, Radisson et al. (34) showed that standard bacteriologi- 
eal techniques alone are inadequate for determining the mode of action of certain 
antibiotics on the intestinal flora of young dairy calves. Also, evidence was pre- 
sented that the ingestion of certain antibiotics may cause changes in the physi- 
ology of the bacteria of the intestinal tract. The most striking and consistent 
physiologic change is the increase in the resistance of intestinal bacteria to certain 
antibiotics following feeding of low levels of these antibioties. Drug-fastness of 
the intestinal microorganisms has been reported by others (7, 9, 10, 11, 18, 35, 39). 
Such an inerease in resistance of bacteria to antibiotics has been considered one 
of the dangers of feeding antibiotics for a long period of time. However, anti- 
biotic-resistant organisms generally have a slower rate of metabolism and less 
virulence than do sensitive strains of these same organisms (33). Also, sensitive 
organisms have been reported to decrease in virulence after exposure to antibi- 
otics in vitro and in vivo (7, 8, 13, 17). 

In view of these considerations, an experiment was initiated to study the 
effects of aureomycin administered orally to young dairy calves on the virulence 
of intestinal bacteria as measured by the sensitivity of these bacteria to the host 


defense mechanism of phagocytosis. 
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EXPERIMENTAL PROCEDURE 


Two experiments were conducted. In the first experiment Salmonella species 
and coliform bacilli were isolated from the feces of calves receiving aureomyecin 
and from those receiving none. The sensitivity of these organisms to phagocytosis 
in vitro was tested (3) by using leucocytic suspensions obtained from the blood 
of both aureomycin-administered and control calves. Also, the effect of aureo- 
myein on the phagocytic activity of leucocytes was determined by testing the 
sensitivity of a number of bacterial species to leucocytes obtained from the blood 
of aureomycin-administered calves and from the controls. 

The second experiment, conducted to confirm the results of the first, was a 
duplication, except that the investigation was limited to the determination of the 
sensitivity of bacteria to phagocytosis. Therefore, the leucocytie suspensions used 
were obtained only from the blood of calves which received no aureomyein. 

The technique used was essentially that of Lambin and Desvignes (79, 20) 
and Linz and Lecoeq (22), modified for the purpose of this experiment. The 
essence of the technique consisted of preparing a suspension of bacteria and a 
suspension of leucocytes, which were brought into contact in test tubes. After a 
short incubation period, a slide was prepared from the mixture. After staining, 
the average number of bacteria ingested per 100 leucocytes was determined by 
microscopic examination. 

Collection of samples and experimental design. 

Experiment I: Feeal and blood samples were collected from dairy calves 
once between birth and 2 weeks of age and once between 5 and 7 weeks of age. 
The calves were being used in an experiment designed to compare the effects of 
different methods of administration of aureomycin on growth (2). They were 
allotted at birth to one of five different groups (eight calves per group) according 
to an incomplete randomized block design. Calves of the various groups were 


furnished aureomycin as follows: 


Group ITA — none 

Group IB — 45 mg. of aureomycin (from Aurofae 2A‘) per calf once daily 
by eapsule from birth. 

Group IC — 45 mg. of aureomycin (from Aurofae 2A) per calf once daily in 
the milk from birth. 

Group ID — 125 mg. of aureomycin (from Aurofae 10°) by capsule at birth 
and once weekly thereafter. 

Group [IE — Calf starter containing 1% Aurofac 2A. 2 


Each calf received its mother’s colostrum for the first 3 days. After this, it 
was fed whole milk and, beginning at 1 week of age, was offered good quality 
alfalfa hay and a calf starter containing 22% crude protein. 


‘A erude aureomycin fermentation product (American Cyanamid Co.), centaining at least 
3.6 g. aureomycin per pound. 
°A crude aureomycin fermentation product (American Cyanamid Co.), containing at least 


10 g. aureomyecin per pound. 
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Experiment II: The feeding schedule was similar to that used in the first 
experiment. The calves were allotted randomly to two groups of three calves 
each. Calves in Group IIA received the basal ration without aureomycin, and 
ealves in Group IIB received the same treatment as those in Group IB. 

Feeal samples were obtained from each calf in both groups at 1, 3, 5, and 
7 weeks of age. Blood samples were collected between 3 and 5 weeks of age from 
calves receiving no aureomycin. 

Preparation of bacterial suspensions. S-S agar (Difeo) and E.M.B. agar 
(Difeo) were used for the isolation of Salmonella species and of coliform bacilli 
from the ealf feees. After incubation, typical colonies were selected from the 
plates and transferred to nutrient broth. The Salmonella organisms were dif- 
ferentiated from the Shigellae by a motility test, and only the transfers contain- 
ing Salmonellae were kept. After 24 hours of incubation at 37° C., the broth eul- 
tures were centrifuged for 10 minutes at 3,000 r.p.m. (1,800 g.). The supernatant 
liquid was decanted, and the bacterial sediment at the bottom of the tubes was 
washed and then resuspended in sterile physiological saline. A purity test was 
made, and the number of organisms per milliliter was determined by using the 
Petroff-Hauser counting chamber. All suspensions were standardized by diluting 
with saline to a concentration of 4 < 10° bacteria per milliliter, and then kept 
at 5° C. until the suspension of leucocytes was prepared. 

Preparation of suspensions of leucocytes. Blood samples (100-ml.) were col- 
lected into bottles containing 0.3 ¢. of glucose and 0.8 ¢. of high molecular weight 
dextran® (Lot Na-649) dissolved in 5 ml. of an anticoagulant solution (1.2 ¢. of 
ammonium oxalate plus 0.8 g. of potassium oxalate in 100 ml. of distilled water, 
14). Centrifugation was used to accelerate the rate of sedimentation. The opti- 
mum time for erythrocyte packing without complete white cell sedimentation 
was found to be 7 minutes at 2,500 r.p.m. (1,400 g.). The leucoeytes were with- 
drawn by means of a capillary pipette fitted with a rubber bulb, from a layer 
about 0.5 em. thick above the erythrocytes. The concentration of leucocytes in 
each sample was determined with a hemacytometer. Then each sample was di- 
luted with blood plasma to a standard leucocyte concentration of 40,000 per cubic 
millimeter. Care was taken at all times to prevent any marked decrease in tem- 
perature of the blood preparation, to avoid any effect on the activity of the leuco- 
eytes. 

Preparation of mixtures of bacteria and leucocytes. The bacterial and leuco- 
eytic mixtures were prepared by pipetting 14,-ml. of each bacterial suspension and 
then 14-ml. of leueoeytie suspension into sterile 5-ml. tubes that had been tem- 
pered in a water bath at 38° C. for 1 hour. The tubes containing the mixtures of 
bacteria and leucocytes were incubated at 38° C. and agitated at 5-minute inter- 
vals. After 30 minutes of incubation, a drop of each mixture of bacteria and 
leucoeytes was removed with a capillary tube and spread on duplicate slides. The 
smears were dried quickly in air and stained lightly with Wright’s stain. 


°The dextran was supplied by Commercial Solvents Corporation, Terre Haute, Indiana, 
through the courtesy of H. E. Stavely, Director of Pharmaceutical Research. 

















































AUREOMYCIN 





IN DAIRY CALF 





NUTRITION 1389 
Evaluation of the phagocytic indexs. The smears were examined under the 
microscope and the number of bacteria was determined in the first'200 leucocytes 


” 


(500 in the second experiment). The term ‘*phagoeytie index,’’ as used in this 
work, indicates the average number of bacteria ingested per 100 leucoeytes (rather 
than per 100 phagocytes) after 30 minutes of ineubation at 38° C. 

Since only a small number of bacterial species could be tested with any one 
blood sample, a blood correction factor was introduced to eliminate the possible 
influence upon the index of the intrinsic phagocytic aetivity of each blood sample 
and thereby permit comparison of all bacterial species isolated and tested on the 
same basis. To this effect, several bacterial species (R1, R2, R3 in the first experi- 
ment; R4, R5, R6, R7 in the second experiment), which had been isolated pre- 
viously, were selected for reference. Each time a blood sample was to be taken 
for a test, broth suspensions of these reference species were prepared according 
to the procedure previously described, and their sensitivity to the phagocytes of 
this particular blood was measured. Differences in phagocytie indexes obtained 
between different blood samples with the same reference species were used to 
represent differences in intrinsic phagoeytie activity of each blood sample. Thus, 
the blood correction factor corresponding to each blood sample was calculated 


as follows: 


Av. phagoeytie index of all blood samples 
with all bacterial species tested 
Individual av. phagocytic index for each blood 
sample with the same bacterial species 





RESULTS AND DISCUSSION 


The effects of aureomycin administered orally to young dairy calves on the 
sensitivity of their intestinal bacteria to phagocytosis in vitro. The results ob- 
tained in the second experiment indicated a greater sensitivity of the bacteria 
to phagocytosis than did results in the first experiment (Table 1). However, the 


TABLE 1 
Effects of aureomycin administered orally to young dairy calve 8 on the 
sensitivity of their intestinal bacteria to phagocytosis in vitro 














Treatment of the calves Bacteria per 100 leucocytes * 
Expt. from which the bacteria 
No. were obtained Coliforms Salmonellae 
I Group I[A—No aureomyein 12.8 (37)” 11.2 (22) 
Group IB—Aureomyein 21.3 (19) 14.0 ( 9) 
Group IC—Aureomycin 20.9 (14) 16.1 ( 6) 
Group ID—Aureomyein ; 17.9 (16) 17.5 ( 5) 
Group IE—Aureomyecin 13.4 (11) 9.5 ( 6) 
Av.°—IB, IC, ID 20.1 (49) 15.5 (20) 
II Group ILA—No aureomycin 30.1 (32) 
Group IIB——Aureomyecin 44.2 (36) 


* Corrected for differences in intrinsic phagocytic activity of the various blood samples. 

» Number of cultures of bacteria tested. 

° Group IE excluded from average because only small amounts of aureomycin were ingested 
during the first weeks of life. 
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results measured by phagocytic indexes were corrected in both experiments by 
blood correction factors. Since the reference species used to determine the blood 
correction faetors used were different in the first and second experiments, this 
may account at least for part of the difference. Also, the first experiment was 
conducted during the summer, which might have had some effect. 

With the exception of the group receiving aureomycin in the calf starter 
during the first experiment, it appears that the bacteria isolated from calves 
receiving aureomycin were more sensitive to phagocytosis than bacteria isolated 
from calves receiving no aureomycin (Table 1). The calves receiving aureomycin 
in starter consumed only small quantities of starter during the first weeks of life 
and, therefore, ingested less aureomycin during that period than the other groups. 
In the first experiment, the difference in sensitivity to phagocytosis of coliform 
bacteria isolated from the calves receiving aureomycin (the group receiving 
aureomyecin in starter excluded) and from the control calves was found to be 
significant (P < 0.01) according to Student’s ‘‘t’’ test. In the second experi- 
ment, similar results were obtained with coliforms, the difference being significant 
beyond the 5% level of probability. In the first experiment, a similar trend was 
noted in regard te bacteria of the Salmonella group, but the difference only ap- 
proached significanee (P > 0.05). It is presumable that differences several times 
greater might have been obtained if the bacteria isolated from calves receiving 
aureomycin had been isolated and cultured in media containing aureomycin at 
levels similar to those attained in the intestine of the calves. Preliminary studies 
(data not presented), in agreement with the observations of Linz and Lecoeq 
(22, 23), Lambin and Desvignes (20), and Schmidt (36), indicated that bacteria 
that have been cultured in the presence of, or that have been in contact with, 
an antibiotic even for a short period of time become much more susceptible to 
phagocytosis than do the same bacteria cultured and kept in antibiotic-free media. 
This effect is obtained even with antibiotie-resistant bacteria and apparently is 
the result of an action on the bacteria rather than upon the phagocytes. Since 
some of the physiological characteristics of bacteria, such as virulence or resis- 
tance to antibiotics, may be changed by successive transfers in vitro in antibiotic- 
free media, it is conceivable that the sensitivity to phagocytosis of the bacteria 
isolated and tested (especially those from the calves receiving aureomycin) may 
have been altered during the isolation procedure, even though this procedure 
was limited to only two transfers. 

The data presented above are the first evidence of which the authors are 
aware that low levels of an antibiotic may affect the ‘‘normal’’ intestinal flora in 
such a manner that the bacteria may become more susceptible to the host defense 
mechanism of phagocytosis. Therefore, in view of the relation between virulence 
of bacteria and their sensitivity to phagocytosis, it would appear that the oral 
administration of aureomycin decreased the degree of virulence of intestinal bac- 
teria. These results can be considered essentially in agreement with those of 
Linz and Leeoeq (24), who showed that after intra-peritoneal infection of guinea 
pigs by bacteria, phagocytosis in the peritoneal cavity was increased when anti- 
biotics were administered. However, the last-named authors used high thera- 
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peutic doses of antibiotics, whereas in the present investigation the effects were 
obtained with low levels of an antibiotic. At low levels, the bactericidal effects of 
the antibiotic can be considered insignificant, or at least too small to account for 
the greater sensitivity to phagocytosis of bacteria isolated from calves receiving 
aureomycin. Of greater significance is the consistent increase in antibiotic-re- 
sistant bacteria when antibiotics are fed (4, 9, 10, 11, 18, 35, 39), since it is known 
that antibiotic-resistant organisms are generally characterized by a slower rate 
of metabolism and a lesser degree of virulence than are sensitive strains (33). 

Therefore, the present findings may help explain some of the discrepancies 
between the growth-promoting action in animals by the antibiotics and the 
changes in intestinal microflora of the animals, as observed by many workers. It 
is postulated that at least part of the effect of an antibiotic on growth is due to 
the change in virulence of the organisms caused by antibiotics and possibly other 
changes in physiological characteristics of the organisms (rather than to chang- 
ing the numbers of intestinal bacteria), which may make them more susceptible 
to the body defense mechanisms and thereby less detrimental to the host. It is 
likely that this effect is not restricted to any one species of bacteria, but that 
possibly, under different environmental conditions, certain species of bacteria 
may be more affected than others. 

Of importance is the fact that the greatest growth-response to antibiotics. is 
obtained during the early life of the calf, when it is most susceptible to intestinal 
disturbances. Preliminary studies (data not presented), in agreement with the 
observations of Delaunay and Lebrun (35), indicated that leucocytes from calves 
between birth and 2 weeks of age had a lower phagocytic activity than did leuco- 
eytes from older calves (5 to 7 weeks). This may be considered as further evi- 
dence in support of the hypothesis that antibiotics, by decreasing the virulence 
of bacteria and making them more susceptible to the body defense mechanisms, 
prevent the early depression of the rate of the growth of animals soon after birth 
as compared with in-uterine growth, probably because the body defenses are not 
well developed. 

It is conceivable that toxins and other metabolic products elaborated by intes- 
tinal bacteria may affect the normal functioning of the cells of the intestinal wall 
and of the liver or other organs, thereby decreasing the efficiency of the enzyme 
systems involved in the absorption and utilization of nutrients. In the absence 
(or at a lower level) of these detrimental metabolic products of bacteria, a more 
efficient functioning of these organs and enzyme systems would permit a more 
efficient and possibly faster rate of absorption and utilization of nutrients, there- 
by resulting in an increased demand for nutrients, a greater appetite, and ulti- 
mately a faster rate of growth. 

The effects of aureomycin administered orally to young dairy calves on the 
phagocytic activity of their leucocytes. Although ingestion of aureomyein in- 
creased the sensitivity of intestinal bacteria to phagocytosis, it is apparent from 
the comparison of the average phagocytic indexes for the control and the aureo- 
mycin groups (Table 2) that the ingestion of aureomycin did not materially 
affect phagocytic activity of the leucocytes in the blood of these calves. 
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TABLE 2 


Effects of aureomycin administered orally to young dairy calves 
on the phagocytic activity of their leucocytes 





Bacteria per 100 leucocytes 











Treatment of the calves Reference strains 
from which the blood No. of - —- — — — 
was obtained samples R1 R2 R3 Av. 
No aureomyein* 6 20.0 19.8 35.8 25.2 
23.1 


Aureomyein” 12 20.7 18.8 29.8 








* Group IA. 
» Groups IB, IC, ID, and IE. 


Even though other workers have reported on the effects of antibiotics upon 
the activity of phagocytes (15, 25-32, 36), their somewhat variable conclusions 
should be interpreted with caution, in view of the high levels of antibiotics and 
the widely different experimental conditions. Further, such studies with animals 
fed nutritionally low levels of antibiotics might possibly indicate some of the 
reasons for the cause of the slowing down in growth of animals which has been 
reported to occur after abrupt discontinuation of antibiotic feeding (1, 12, 16, 21). 
This retardation of growth is often observed under practical conditions, especially 
if a change in environmental conditions occurs at the same time as the withdrawal 
of the antibiotic. This reduction in growth rate may possibly represent a period 
of adaptation (similar to the period of adaptation of the young animal immedi- 
ately after birth) during which the body defense mechanisms, previously assisted 
by antibiotics, take over alone the defense of the body. Therefore, if full benefit 
from antibiotic supplementation is to be maintained, efforts should be made to 
prevent such depression in growth rate of animals after withdrawal of the anti- 
biotic from their diet. Of particular significance is the observation by Lillie et al. 
(21) that after discontinuing the administration of high levels of antibiotics to 
poultry a growth retardation occurred, whereas birds fed lower levels of anti- 
bioties did not show such a decrease in rate of growth upon withdrawal of the 
antibiotic from the diet. This may possibly indicate that high levels of anti- 
bioties, while stimulating growth by eliminating detrimental bacteria, may not 
always permit the building up of adequate body defenses. With lower levels of 
antibiotics growth is also stimulated, but at the same time the body may be able 
to produce antibodies since the antigenic stimulus is not completely suppressed 
even though it may be somewhat depressed. In connection with this, it should 
be noted that the acquisition of resistance to antibiotics by bacteria is often ac- 
companied by reversible antigenic modifications essentially characterized by lower 
antigenic levels and, therefore, lower antibody titers. 


SUMMARY AND CONCLUSIONS 


Two experiments were conducted for the purpose of investigating the effects 
of orally administered aureomycin on the virulence of intestinal bacteria in young 
dairy calves. Virulence of intestinal bacteria was measured by their sensitivity 
to phagocytosis in vitro. Phagocytic activity of leucocytes was determined by 
their ability to phagoeytize bacteria in vitro. 
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The oral administration of aureomyein did not materially affect phagocytic 
activity of the leucocytes in the blood of the calves. However, bacteria isolated 
from feces of calves receiving aureomycin were more sensitive to phagocytosis 
than bacteria isolated from feces of the calves receiving no aureomycin. This 
difference was significant statistically. Phagocytic sensitivity was further in- 
creased when bacteria were grown in vitro in the presence of sub-bacteriostatic 
concentrations of aureomyein. Leucocytes from young calves (birth to 2 weeks) 
had a lower phagocytic activity than leucocytes from older calves (5 to 7 weeks ) 
It is possible, therefore, that antibiotics may play a greater part in the defense 
of the body and thereby promote growth to a greater extent during early life 
when body defenses are inadequate, and when incidence of intestinal disturbances 
is greater and growth rate is slower than in later life. 

The results of this study help to explain the failure of various workers to find 
a relationship between the growth-promoting action of antibiotics and the changes 
in numbers and types of intestinal bacteria. It is possible that at least a part of 
the effect of antibiotics on growth is due to the effeet of the antibiotics on the 
physiology of bacteria, rather than on the numbers of intestinal bacteria, in such 
a manner as to make them more susceptible to the body defense mechanisms and 
thereby less detrimental to the host. 
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THE NUTRITIVE VALUE OF FEEDS AS SOURCES 
OF ENERGY: A REVIEW’! 
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The purpose of this review was to discuss the determination of nutritive 
value in terms of energy. The conclusion which emerges is that there is an 
urgent need for new investigations to confirm or refute the limited experi- 
mental evidence that forms the basis of present practice. Editor. 











It is obvious that in the feeding of the individual animal a primary considera- 
tion must be the adequacy of the energy supply. Shortages of dietary energy 
are usually far more important causes of low productivity in farm livestock 
than are dietary deficiencies of vitamins, minerals, er amino acids. Furthermore, 
although deficiencies of most dietary essentials normally give rise to spectacular 
syndromes that can be easily recognized, shortages of dietary energy result in 
no obvious abnormality other than an insidious reduction in the animal’s pro- 
duction. A knowledge of the nutritive value of foods as sourees of energy is 
essential to ensure that each individual can attain an optimal level of produe- 
tivity. 

Information on the nutritive value of feeds has, however, a wider utility than 
merely catering for the needs of the individual. Nutritive values as tabulated 
in the many manuals dealing with livestock feeding in use throughout the world 
are used to plan the cropping of farms and to plan the importation of concen- 
trated feeds. Also, they form the basis of livestock improvement through crop 
development. It is impossible to assess the value of new varieties of forage plants, 
new cropping techniques, new managerial or manurial methods or new conserva- 
tion processes without a consideration of the nutritive value of the fodder pro- 
duced. Probably these wider uses of the information we have on the nutritive 
value of feeds are of far greater importance in determining the over-all level of 
farm productivity than is the more restricted application of nutritive values in 
feeding the individual (17). 

It is in relation to the assessment of the relative nutritive value of foods that 
the limitations of our present knowledge are most apparent. If a comparison is 
made between two methods of conserving ‘a crop in terms of the nutritive worth 
of the fodder produced, different methods of assessment give different—widely 
different—results. In Table 1 a comparison has been made between two feeds, 
one an artificially dried grass, one a mature hay, showing the different methods 
employed in Europe and America to express nutritive value. The chemical com- 
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TABLE 1 
Estimates of the nutritive value of an artificially dried grass and of a mature rye grass hay as 
assessed by application of factors to the digested proximate principles the feeds contain* 








Dried grass, Rye grass Superiority 
19% erude hay, 6% crude of dried 
Method of assessment Units protein protein grass 
(%) 
TDN system (America) 1b/100 Ib. 64.1 49.6 29 
ENE system (America) Therms/100 1b. 53.4 36.6 46 
Kellner’s starch equiva- 
lent system (Germany ) kg/100 kg. 56.2 32.1 75 


Modified starch 

equivalent system 

(United Kingdom) 1b/100 Ib. 56.2 38.5 46 
Fodder unit system 

(Seandinavia, 

France, Israel) FE/100 1b. 80.4 43.2 86 





“The factors employed are listed in reference 17. 


position and the digestion coefficients were taken to be known; that is, the values 
in the table reflect the views of various workers on the nutritive value of the 
digested nutrients the two feeds contain. The variation is enormous. One system 
suggests that dried grass is 29% better than hay; another that it is 86% better. 
All these estimates cannot be correct; yet economic and other considerations are 
made on the assumption that any particular one of them does, in fact, reflect 
the true nutritive worth of the materials considered. 

It is the purpose of this review to discuss the determination of nutritive 
value in terms of energy. The conclusion which emerges is not that one particular 
method of measurement is most practicable but rather that there is an urgent 
need for new investigations to confirm or refute the limited experimental evidence 
that forms the basis of present practice. 

THE DEFINITION OF NUTRITIVE VALUE 

The nutritive value of a food as a source of any nutrient is a measure of its 
ability to promote or sustain some group of metabolic activities in the animal 
body. Nutritive value is thus a biological measurement, not a physical or a 
chemical one. It may be possible with some nutrients to predict the nutritive 
value of a food from its chemical composition and to obtain results that are in 
close agreement with the results of biological assay. In many instances, however, 
our knowledge of the factors influencing the metabolism of the nutrient is so 
fragmentary that any prediction of nutritive value based solely on a considera- 
tion of what a food contains can be very considerably in error. 

This situation is particularly apparent when the value of a food as a source 
of energy for farm animals is considered. We do not know enough about the 
enzymology and bacteriology of ruminant digestion or about the thermodynamics 
of intermediary metabolic transfers to enable us to predict from the chemical 
composition of food its ability to act as a free-energy supply in the body. The 
data of Table 1 have already made this abundantly clear. There is, however, 
a great and urgent need for such prediction methods, and the ability to predict 
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the energy value of a food must be one of the main objectives in studies of the 
energy exchange of the animal. 

The fact that the nutritive value of food as a source of energy is a biological 
measurement means that the value obtained in any experiment reflects the 
intrinsic efficiency of the test animal. Thus the net energy value as determined 
calorimetrically with an adult steer is, in effect, the net efficiency of the animal 
in converting unit weight of food to calories of body fat. From this it follows 
that if two animals differ in their intrinsic net efficiency of food utilization, then 
the one animal will provide a higher estimate of the nutritive value of the food 
than the other. The nutritive value of a food can therefore be regarded only as a 
‘*statistical biological constant,’’ reflecting variations in the efficiency of the 
animals used to measure it. In this respect, however, there are two schools of 
thought. The more strictly physiological school, represented by Kellner (91), 
Armsby (1), Ritzman and Benedict (129), and most of those concerned with 
calorimetric studies, suggests that nutritive values should be measured with 
only the most efficient animals. How these are selected is not stated! The more 
practical school, including Fjord (56), Hansson (78), and those concerned with 
practical feeding trials, suggests that large numbers of animals should be 
employed to ensure that the mean values obtained are representative of the 
population. The extent of variation in nutritive value attributable to individual 
differences in food utilization is not readily discernible from published work. 


A further consideration is that nutritive values of foods may differ according 


to the type of physiological function they support. Lactation involves metabolic 
demands very different from those of growth or fattening. Certainly, as will be 
seen later, lactation is in general a more efficient process than fat deposition. 
This means that a food will have a higher absolute value as an energy source for 
supporting lactation than for fattening the same animal when dry. The relative 
nutritive values of two foods may, however, be the same for both functions so 


that lactation energy values may be simple multiples of fattening energy values, 
but this is an assumption that needs verification before acceptance. 

It would appear therefore that great care has to be taken in interpreting the 
physiological responses of an animal to food as an intrinsic property of that food. 
A tautology is necessarily involved and can be extremely difficult to resolve. 


MEASUREMENT OF THE RESPONSE 


The basis of measurements of the nutritive value of feeds is the net energy 
principle. Feeds are assessed by their ‘ability to promote energy retention in the 
body as meat and fat, to promote secretion of energy in milk, or to prevent loss 
of energy from the body (maintenance). This principle was applied by Kellner 
50 years ago in his calorimetric experiments at Moéckern, Germany, and also, 
almost simultaneously, by Armsby at Pennsylvania State College. Even earlier. 
Fjord and other Scandinavians (48) had realized that food could be assessed only 
by the biological responses it promoted, and the feeding trials which were carried 
out to establish the fodder unit system did, in effect, use the net energy principle. 





NUTRITIVE VALUE OF FEEDS 


& Net Energy Value 
(kCal /100 g,) determined 
between feeding levels 
A and B = 100 x 


Energy 4 
equilibrium 





ENERGY STORED (kCal /day) 


a 








o— 


FOOD EATEN (g/day) 
Fic. 1. The definition of a net energy value. A starch equivalent is an exactly comparable 
measurement save that it is expressed in relative terms, 1 kg. of starch having a net energy of 


2,356 keal. 


The application of the net energy principle to the measurement of the nutri- 
tive value of a food in a calorimetric experiment is best illustrated by Figure 1, 
which is a simplification. This shows the relation between the food intake of an 
animal and its retention of energy. The ability of the food to promote energy 
retention is measured by the slope of the line, that is, the number of kilocalories 
of energy retained per kilogram of food ingested. In practice, this is usually 
done in a ‘‘difference experiment’’ (differenzversuche) (125), in which the 
animal is first given food at one level of intake and then at another. The differ- 
ence in energy retention divided by the difference in food intake is the net 
energy value. 

To determine energy retention, which is the important item in food evaluation, 
the intake of energy, and losses of energy as heat in the feces and urine and as 
combustible gas are determined. The metabolizable energy (umsetzbaren energie ) 
is the gross energy ingested less the heats of combustion of the feces, urine, and 
combustible gas. The net availability of metabolizable energy in a difference 
experiment (ansatzkoefficient) is the increment of energy retention divided by 
the increment in metabolizable energy. Many of the published calorimetric 
experiments are presented in the form of metabolizability of the gross energy 
and net availability of the metabolizable energy, rather than more directly as 
net energy values. The important point is, however, that a net energy value, 
however expressed, is a differential measurement. 

There is no reason why the final response of energy retention or secretion 
should not be measured without recourse to the expense of calorimetric investi- 


gation. The energy excretion in milk can be estimated from the yield and fat 
content of the milk, but the response in terms of fat and protein deposition in 





1400 K. L. BLAXTER 


the body cannot be simply measured. Live weight gains can be used and have 
been used by Morrison (121), by Fraps and Carlyle (71), and by Briggs (33), 
but an assumption has to be made that the calorific value of the gains is either 
a constant or some simple function of the age, body size, and rate of gain of the 
animal. Alternatively, slaughter methods can be employed and the energy con- 
tent of the gains assessed more directly. 

To determine nutritive values from these more practical trials, a base line 
has to be chosen in order to make the measurement a differential one. Body 
weight maintenance is usually chosen, and the amount of food consumed above 
maintenance is computed. Alternatively, the trials can be made comparative and 
one food substituted for another. The difference in response is a measure of the 
relative value of the foods. The Scandinavian fodder units were originally de- 
termined in this way, though they are now largely calculated from digestibility 
data. Bailey et al. (12) have recently employed similar comparative methods 
to evaluate feeding stuffs with cattle with promising results. 

When discussing trials with dairy cows in which the response is measured 
in terms of the milk secreted and the body weight gained or lost, Kleiber et al. 
(96) eoneluded: ‘‘ Judging from our (calorimetric) measurements, the weight 
errors involved in a well conducted Seandinavian group trial may easily be com- 
pensated by the larger number of cows, the longer duration of trial, and the more 
‘normal’ conditions as compared with a pair trial in a respiration chamber.’’ In 
some of Kleiber’s trials, however, the change in body fat and protein content 
was considerable, amounting to more than 25% of the milk energy secreted, and 
his generalization cannot be entirely correct. Methods of estimating the changes 
in the fat and protein content of animals indirectly could be of great value in 
facilitating the measurement of responses to food (92, 97, 98). Experimental 
tests of such methods have already yielded very promising results (23). 


THE TECHNIQUES FOR MEASURING ENERGY RETENTION 


Apart from the comparative slaughter method in which comparable animals 
are killed at the beginning and end of the experiment and energy retention deter- 
mined by difference, all calorimetric methods involve ‘‘balance technique.’’ This 
consists either of measuring the intake of energy and all energy losses during a 
period and obtaining energy retention by difference, or, alternatively, measuring 
the retention of C and N by balance techniques, when, knowing the C and N 


Y 


content of protein and the C content of fat, the quantity of fat and protein re- 
tained can be assessed. Direct calorimetry involves measurements of the actual 
heat losses due to radiation, conduction, and convection and as latent heat of 
water vaporization, whereas in indirect calorimetry the heat production is caleu- 
lated from the O, consumption, CO.’ production, urinary N secretion, and CH, 
production by using the methods of Méllgaard (115). Armsby’s classical work 
and later studies at Pennsylvania by Forbes, in which both direct and indirect 
measurements of heat production were made, have shown that the two give the 
same result. The direct calorimetric estimation of heat losses necessitates very 
expensive instrumentation and for the purpose of determining energy retention 








ise RiLe 


— 


hein Nie Ea ta 





la el BM state 


ee Seren 


Ths SA ce we wile 


Beitr e eea 


i 


Rei doh Ste 


asiche st Sde eatin 


oP Sb eer eT 


} 
; 
H 
3 
q 
} 
4 





NUTRITIVE VALUE OF FEEDS 1401 


over relatively long periods of time does not seem necessary. New apparatus for 
measuring heat losses directly have, however, been built recently in Britain and 
in America to deal with more specific problems of energy metabolism of man (16) 
and pigs (127'). 

Respiration chambers to measure CH, and CO, production and O, consump- 
tion are necessary when indirect methods based on O, consumption or on the C 
and N balance technique are used. For animals up to a weight of 100 kg. the 
closed circuit system has in the author’s experience proved most satisfactory (22). 
For larger animals the open circuit system is the only one possible for technical 
reasons. Even so, the difficulties of accurate determination of CO. production 
and ©. consumption from analyses of the outgoing air from the chamber are 
considerable despite the use of mercury pumps and indicator gas methods (93) 
for estimating the rate of flow and the use of sensitive analytical methods to 
determine gas concentrations. Almost all the large animal respiration chamber 
equipment, including those at the Illinois, California, and New Hampshire sta- 
tions in America, those at Méckern, Germany, and at Copenhagen, Denmark, 
are of the open cireuit type. 

The accuracy of estimates of the energy retention made by respiration cham- 
ber technique needs some consideration. Possibilities of minor systematic errors 
in the method of computation of heat production from the respiratory exchange 
do exist. These have been discussed in detail by Mitchell et al. (109) and have 
not all been resolved. The most important is the interpretation to be placed on 
respiratory quotients greater than 1.0, indicative of a conversion of carbohydrate 
to fat. These are very common in fattening animals, and the classical interpreta- 
tion by Bleibtreu (26) is clearly in need of revision. In the C and N balance 
technique there are also possibilities of systematic errors, since the carbohydrate 
stores of the body are ignored. Recent studies of the factors used in computing 
energy retention from the C and N retention of the animal have, however, largely 
eliminated these sources of systematic error (24, 69). 

What is of greater importance in determining the reliability of the techniques 
is that small errors in analytical methods tend to accumulate and make the final 
estimate of energy retention imprecise. In this laboratory it has been found 
necessary to reduce the errors of triplicate determinations on food and excreta 
to below £0.5% of the amount determined in order to ensure a high accuracy in 
the final answer. In MOllgaard’s laboratory an even higher standard of analytical 
accuracy has been achieved (118), one which, despite the most careful work, 
we have not always been able to obtain. Méllgaard claims an analytical accuracy 
of less than +0.1% of the amount determined for carbon and energy determina- 
tions and less than +0.5% for N determinations. That this higher order of 
aceuracy is necessary is illustrated in Table 2, where the errors attached to an 
estimate of a net energy value are given, assuming all analyses are accurate to 
+0.5%. The data refer to unpublished work with sheep in this laboratory (21) 
and they show that even when analyses are made with the considerable accuracy 
of +0.5%, the final answer will have an accuracy of only +10%, sometimes 
more. Clearly, as the size of the increment of feed given is reduced, so the error 
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TABLE 2 
The accumulation of errors in a single experiment with a sheep to determine the nutritive value 
of a food calorimetrically, using the ‘‘ difference method’’ assuming all 
analyses to be accurate to +0.5% (Blaxter §& Graham, 21) 

















Feeding level Feeding level 
(900 g/24 hr.) (1,100 g/24 hr.) 
Intake (kcal. )* 3,480 + 17 4,300 + 22 
Output (keal.) 
(a) R.Q. method 3,359 + 10 3,870 + 25 
(b) C&N balance method 3,332 + 34 3,890 + 40 
Energy retention (kcal. ) 
(a) R.Q. method 116 + 20 430 + 25 
(b) C& N balance method 148 + 29 410 + 34 
Net energy values 
(keal/kg dry matter ) 
(a) R.Q. method 157 + 16 
(b) C&N balance method 131 + 22 





“This ignores any sampling error, i.e., the error is the analytical error alone. 


attached to the final estimate of energy retention per kilogram of food given will 
increase. This question of accuracy is of considerable importance in the interpre- 
tation of the results of a calorimetric experiment, and, although it has often 
been stated that the instrumental accuracy of respiration apparatus is about 
+2%, it certainly does not follow that net energy values determined with them 
have comparable accuracy. 

One final point concerning calorimetric methods needs emphasis. Results 
acerue very slowly. Hutchinson (88) has stated that the number of determina- 
tions that can be made per annum with the Copenhagen apparatus averages 
one complete two-period experiment per worker employed. The summary of work 
at Mockern, Germany (140), where at Fingerling’s death in 1944 there were nine 
instruments for measuring energy retention, shows that in a 50-year period 110 
individual difference experiments were made with cattle and 147 with pigs. 
These numbers include all duplicates! The experiments of Kleiber et al. (96), 
in which an attempt was made to study the partial replacement value of one 
food, barley, took one year to complete, the previous year having been spent in 
training the cows to the respiration chamber! There is little doubt that the work 
involved in determining energy retention by classical methods is considerable 
and that the rate of accumulation of data is extremely slow. It is perhaps little 
to be wondered that the amount of basic information available is so small, and, 
as will be evident later, that this has been subject to so much reealeulation and 
reinterpretation by workers throughout the world. 


FACTORS AFFECTING NET ENERGY ESTIMATIONS 


In the discussion which follows most examples have been taken from ealori- 
metric trials with fattening animals and with cows. Parallels with the results of 
more practical trials in which the response to food has been measured in terms 
of gain in weight or milk yield rather than in terms of energy retention and 
energy secretion are not hard to find, but such trials are of necessity less precise 
owing to the lack of information on the composition of the gains or losses of 
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body weight and sometimes the calorific value of the milk. To my knowledge, 
none of the major findings of calorimetric experiment are in disagreement with 
the results of more practical researches. 


PLANE OF NUTRITION 


In Figure 1 is shown an idealized relationship between food intake and energy 
retention in the fattening animal, the relationship between the two being recti- 
linear; hence the nutritive value of the food was depicted as constant, irre- 
spective of the amount given. This rectilinear hypothesis was adopted by Armsby 
and Fries in 1918 (3) though they had some evidence from earlier work (2) 
that the utilization of energy differed according to whether the measurements 
were made above or below the point of energy equilibrium (maintenance). Kell- 
ner (91) also accepted the rectilinear hypothesis. Experiments by Forbes et al. 
(59, 60) however, showed without any doubt that energy retention in cattle was 
not a rectilinear function of food intake but was a markedly curvilinear one. 
One of Forbes’ experiments is depicted in Figure 2. This result has been con- 
firmed by Mitchell and Hamilton (112) with a steer, by Hellberg (81) and by 
Wiegner and Ghoneim (141) with rabbits, by Forbes et al. (66) and by Schoch 
(134) with rats, and by Marston (105) and by Blaxter and Graham (18) with 
sheep. All are agreed that the relationship is curvilinear, but differences of 
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Fig. 2. The results of Forbes’ first experiments on the effect of plane of nutrition on 
energy metabolism, recalculated to show the critical relationship between food intake measured 
in keal. and energy retention. 
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opinion have arisen as to whether the relationship cannot be taken to be eurvi- 
linear below maintenance and rectilinear above. Both Forbes et al. and Marston 
take this latter point of view, which leads to the conelusions first, that, provided 
measurements are made above maintenance, the nutritive value of a food is 
constant irrespective of the amount of it which is given, and second, that the 
maintenance function is inherently a more efficient process than is body gain. 
A body of theory has been advanced to support this contention, including the 
postulate that in under-nutrition the measurement of heat losses includes the 
heat increment of the body fat and protein dissimilated to meet the energy 
requirements of minimal body function (Forbes et al., 68). The logic of this 
theory has been attacked by Kleiber et al. (96) and also by Mitchell et al. (113). 
In any event, the data do not suggest that the relationship is rectilinear above 
maintenance, as the Pennsylvania workers and Marston surmise. Hellberg’s 
analysis of the results of the experiments with all species including Marston’s 
sheep and Forbes’ cattle make this abundantly clear, and Blaxter and Graham’s 
results with sheep support his work. Professor Méllgaard remains a dissentient 
(116, 118), and he maintains that the results of Forbes and of Mitchell are not 
sufficiently aceurate to warrant abandonment of the rectilinear hypothesis. In 
his analysis of Forbes’ data, however, the method of calculation he employed 
maximized the effeets of small errors since he compared each small increment of 
food intake with the one previous, rather than undertaking a complete analysis 
of the data as Brody and Proetor (35) have done. Furthermore, he analyzed the 
relationship between net energy and metabolizable energy, not the critical rela- 
tionship between net energy and food intake. The former discounts any effect 
of increasing food intake on the apparent digestibility of food on the production 
of methane or on the loss of energy in the urine. In all experiments in which 
sufficient detail has been given, decided reductions in the metabolizability of 
food have been apparent at high nutritional levels (35), and these reductions 
necessarily reduce the net energy value of a unit weight of food at the higher 
levels. It appears reasonably certain, therefore, that the nutritive value of a 
unit weight of food is not a constant in the individual but depends on the amount 
of it that is given. This is in accordance with practical belief, the results of more 
practical experiments, and surveys of the variation in food intake as it is related 
to the animal product output of farms. 

So far, there is little information to show whether or not feeds differ from 
one another with respect to this relationship. Unpublished data obtained at this 
station (27) suggest that with some foods there is a more marked falling off in 
nutritive value as intake is increased than with others. This means that it is 
impossible to equate for the feeding level effect simply by weighting animal re- 
quirements in an inverse way. A possible solution to the practical problem of 
estimating food intakes at different planes of nutrition has been suggested by 
Blaxter and Graham (18). This involves measurement of animal requirements 
in terms of multiples of the basal energy metabolism and expression of feed 
values as quantities needed at these particular levels. More information is essen- 
tial before such a system can be developed and adopted. 
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THE PHYSIOLOGICAL FUNCTION INVOLVED 


The fact that the relationship between the gain or loss of energy to the body 
and the food intake is curvilinear means that the value of food for preventing 
loss of body energy, that is, for maintaining the animal, must be greater than its 
value in promoting fat deposition. This has led to the statement that maintenance 
is a more efficient process than is fattening. This, in effect, regards the relation- 
ship between food intake and energy retention as consisting of two straight lines 
with different slopes, intersecting at the food intake when energy equilibrium is 
established. This is shown graphically in Figure 3. As previously pointed out, 





MINIMUM BASE VALUE 
OF HEAT PRODUCTION 


ENERGY STORED (Cal /day) 








o—, 


FOOD EATEN (g/day) 


Fic. 3. Linear approximations to the curvilinear relation between food intake and energy 
retention. Most of Armsby’s determinations were made by assuming a linear relationship 
below energy equilibrium, whereas Kellner’s were made by assuming a linear relationship 
above. Extrapolation of the linear relationship obtained above energy equilibrium gives the 
minimum base value of heat production of Forbes. This is numerically smaller than the ob- 


served fasting catabolism. 


this is but an approximation to the curvilinear relationship. Figure 3, however, 
serves to emphasize differences between American and German estimates of 
nutritive value made with fattening steers. The majority of Armsby’s estimates 
were made below the maintenance level, whereas Kellner’s were made above 
maintenanee. Armsby’s values are thus, on the average, some 20% higher than 


Kellner’s values. 

When lactation is considered, it appears quite certain that the secretion of 
milk energy is a more efficient process than is that of fat deposition. If a cow is 
neither gaining nor losing body fat and protein and is secreting 15,000 keal. of 
energy in milk when given a particular ration, the amount of energy she stores, 
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given the same amount of the same ration when she is not lactating, is only about 
12,000 keal. The value found in critical experiments by Mollgaard and Lund 
(119) was that a food supplying 837 net kilocalories for fat production (837 
NKy) would produce 1,000 keal. of milk. At Pennsylvania, Forbes eft al. (64) 
found that 1 kg. of food which produced 1,451 keal. energy retention produced 
1,882 keal. milk, i.e., 771 NKp = 1,000 keal. milk energy. Even earlier, Armsby 
(1) had recalculated the results of three experiments with cows by Kellner and 
these also show a similar relationship, milk production being a more efficient 
process than fat production. 

The superiority of energy utilization in milk production, however, was shown 
by Méllgaard to be dependent on the protein content of the food. If the protein 
content of the ration was very high or very low then the energy secreted in the 
milk per unit food decreased. Optimal efficiency was obtained when the digestible 
pure protein content of the ration was such that the ratio 


Protein net energy for fattening 





= 9" > = K = production quotient 

otal net energy for fattening 
was equal to 0.2, permissible variation in K being 0.14-0.23 (114). Though per- 
haps expressed in an unfamiliar way, this result of Mollgaard is of primary 
importance since it demonstrates that the energy and protein nutrition of the 
lactating cow must be considered together. Data are not available for species 
other than the cow: Fuchs’ (73) assumption that Breirem’s data on the pig (28) 
provide such information is incorrect. 

There are several possible reasons for the higher nutritive value of a unit food 
as a source of energy for lactation compared with fattening. First, the protein 
content of milk is high (20% on a calorie basis), whereas in the fattening animal 
fat deposition is accompanied by little or no protein deposition; indeed, body 
protein may be lost while fat is being gained. As demonstrated by Rubner (131) 
in man, amino acids that are incorporated into body proteins exert no heating 
effect (S.D.A.), whereas if they are deaminated there is a considerable (30% ) 
increase in heat production. The nutritive value of a unit weight of a mixed 
ration for fattening will therefore necessarily be lower than for lactation since, 
in fattening, not only will the amino acids the ration contains give rise to a 
considerable heat increment but part of the combustible energy of the amino 
acids will be excreted in the urine as urea and other metabolites. The latter can 
account for approximately 16% of the heat of combustion of the protein dissimi- 
lated. The second reason involves the.difference in the composition of depot and 
milk fat. Milk fat contains an appreciable number of fatty acids with a chain 
length less than C,,, whereas these acids are largely absent from depot fat (82). 
If, as appears fairly certain from tracer studies on fat synthesis in ruminants, 
fats are synthesized by condensation of C, or C, units arising from bacterial 
fermentation (57, 128) and the steps in the condensation are endergonie (38), 
then the energy cost of depot fat synthesis will be greater than the cost of milk 


fat synthesis. 
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Whatever the reasons for the difference in the responses, the fact remains that 
such differences exist and cause difficulties in the interpretation of lactation 
experiments, even when the change in body fat content can be measured directly. 
Mollgaard (115) has coneluded that the only solution is to measure with steers 
the nutritive values of foods for cows to avoid metabolic changes due to the 
changing lactation performance of the individual. This conclusion, however, 
makes the assumption that the relative nutritive value of foods remains the same 
irrespective of the physiological status of the animal used to measure them. In 
view of the points outlined above this cannot be true. 

Growth has similarly been shown to be a more efficient process energetically 
than is fattening. This again reflects the larger protein retention of the growing 
animal compared with the fattening animal, and again the assumption that 
nutritive values of foods are interchangeable irrespective of the physiological 
state of the animal has, as yet, no experimental support. 

It has been suggested by Crasemann (43) that muscular work production 
is an extremely inefficient process. This presumably refers to work measured 
in terms of foot-pounds of external work, such as that of an animal walking up 
a slope of known angle or pulling a known load. It does not include the work 
of horizontal locomotion, for which no simple conversion to a calorie equivalent is 
possible. The figure of 25-30% stems from determinations by Heinemann (79) 
and by Zuntz (146) with man. The agricultural implications of such computa- 
tions are not readily apparent. 

The energetic efficiency of the various physiological processes, or, expressed 
in another way, the value of food in supporting these processes, is summarized in 
Table 3. 

TABLE 3 


The approximate value of unit food in supporting different functions. A unit food 
which produces 1,000 keal. of fat is taken as the standard in both species 








One unit 
Function food 
Cattle 
Fat production produces 1,000 keal. gain of fat 
Maintenance prevents 1,200 keal. loss of body substance 
Milk production produces 1,190 keal. milk energy 
Muscular work supports 530 keal. external work 
Pigs a 
Fat production produces 1,000 keal. gain of fat 
Maintenance prevents 1,145 keal. loss of body substance 
Growth and fattening” produces 962 keal. 





“Calculated from the results of Breirem (28). 

» For the function of protein deposition, the value of a unit of food that produces 1,000 
keal. of fat is stated by Swiss workers to be 4,100 keal. (44). This value is based on some 
experiments with rabbits and rats made by Wiegner and Griinigen (142) and by Schoch (134). 
The difference between it and the one found by Breirem (28) needs elucidation. 


SPECIES DIFFERENCES 


Apart from the question of differences in nutritive value of a feed due to 
differences in physiological function—lactation, growth, fattening, or muscular 
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work—the question arises as to whether the assessments of the nutritive value of 
a series of feeds made with one species place them in the same order as do 
experiments with some other species. This is of importance since it is usually 
accepted that what applies to sheep applies to cattle and that nutritive values 
obtained with cattle do, in effect, reflect nutritive values determined with pigs, 
despite the fact that the pig is known to be a superior converter. In Ziirich, this 
problem has been studied with sheep (90), rabbits (135), and hens (11); Finger- 
ling’s experiments at Méckern provide data for the pig (49) and Kellner’s 
original results provide information for cattle (91). They are summarized in 


Table 4. 


TABLE 4 


The increase in energy retention by cattle, sheep, rabbits, pigs, and hens when starch, 
fat, and protein are given as supplements to a maintenance ration 














Net energy “* 














Cattle Sheep Rabbits Pigs Hens 
(keal.) 

1 kg. digestible starch 

(4,185 keal.) 2,360 2,504 2,590 3,491 2,393 
1 kg. digestible fat 

(9,500 keal. ) 5,700 6,771 5,798 8,608 7,445 
1 kg. digestible protein 

(5,710 keal.) 2,220 2,106 2,213 3,511 2,475 





“Small differences in methods of computation give slightly different results to these. 


On this basis, sheep are more efficient at utilizing fat than are cattle, whereas 
‘rabbits do not differ significantly from cattle, as Brody also has pointed out (34). 
Hens also appear more efficient in utilizing fat than cattle, and pigs are superior 
in all respects to the other species considered. 

The question now arises whether these species differences established with 
pure nutrients apply equally well to normal rations. The most complete data 
available to provide an answer are for the pig and steer, and these have recently 
been analyzed by Nehring (123, 124) and by Fuchs (72). They have shown that 
although the experiments summarized in Table 4 suggest that pigs, on the aver- 
age, retain 40-50% more energy than cattle from the fat, protein, and ecarbo- 
hydrate of food, in practice, when normal rations are given, they do not. Thus, 
in feeding sweet potatoes (topinambur) the experiments of Fingerling (55) 
with pigs and of Kellner with cattle show pigs to be only 3% superior. Experi- 
ments with sugar beets (zuckerruben, 54) show the pig to be 97% superior, 
whereas with barley (51), potatoes (50) (kartoffelschnitzel), and beets (52) 
(mohrriiben), the comparison showed pigs to be about 50% more efficient—as 
was indeed to be expected from the studies with purified nutrients. These results 
mean that measurements of nutritive value obtained with cattle do not place the 
feeding stuffs in the correct order of their physiological value as energy sources 
for pigs, and that net energy measurements made with one species cannot be used 
as a common denominator for all. This has, however, been done, for example, in 
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ealeulations of the efficiency of pigs and in calculating total animal food require- 
ments of the United Kingdom as a guide to import policy (101, 145). 

It is not known whether the same species-food differences apply to sheep and 
cattle or whether sheep retain a slight superiority in terms of energy retention 
for all feeds, as data in Table 4 suggest. In this respect Cipolloni et al. (39) have 
concluded that specific and significant differences between sheep and cattle in 
their ability to digest silage and roughages exist and that with some feeds sheep 
are superior and with others, cattle. These differences in digestibility may be 
reflected in differences in energy retention. Certainly the assumption that the 
sheep is a suitable test animal for the evaluation of cattle feeds needs verification, 
but differences will probably be found to be small. 


THE SUPPLY OF OTHER NUTRIENT ESSENTIALS 


It has already been pointed out that Méllgaard found that the net energy 
value of food for lactation depended on the animal’s protein supply. This effect 
of protein on energy metabolism has been confirmed in experiments with growing 
rats (67, 76), in which energy retention was measured calorimetrically, and 
Fraps and Carlyle’s (71) and Briggs’ (33) practical experiments with growing 
sheep lead to the same conclusion, namely, that the net energy value of food 
depends on the protein content of the ration. Mitchell and Carman (111) had 
earlier found that the addition of salt to a salt-deficient ration for chickens and 
rats increased the net energy value of the food, and, when Kleiber reviewed the 
subject of dietary deficiencies and energy metabolism in 1945 (94), there was 
considerable evidence that many dietary deficiencies in laboratory animals re- 
sulted in a decline in the net efficiency of food energy utilization, that is, in the 
nutritive value of food as measured by the net energy method. Comparable 
effects certainly have been noted in calorimetric trials with cattle for phosphorus 
deficiency (95). In vitamin A deficiency in cattle (130), however, the net availa- 
bility of the metabolizable energy is not changed; the lowered food utilization 
was found to be due to the increased loss of fecal material. Nor is the heat 
increment increased in vitamin D deficiency (40) nor in magnesium deficiency 
in cattle (25). In vitamin D deficiency, the basal heat production is increased 
whereas in magnesium deficiency the slope of the relationship between food 
intake and heat production is unaltered, but the intercept increases. 

From experiments on rank deficiency to theoretical consideratigns of small 
deviations from an optimal requirement is but a small logical step, and this step 
was taken by both Mitchell (108) and Forbes (58). Forbes postulated that, ‘‘ An 
individual foodstuff expresses its normal and most characteristic value . . . only 
as it is part of a ration which is qualitatively complete and quantitatively suffi- 
cient for the conditions existing.’’ Mitchell postulated that, ‘‘The net availability 
of the metabolizable energy of all perfectly balanced rations is maximal.”’ 

If Mitchell’s hypothesis is correct, it follows that the relative nutritive values 
of individual foods as energy sources can be assessed in terms of metabolizable 
energy, provided these foods are incorporated in rations which are adjusted to 
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be ideally balanced. Forbes’ hypothesis, though less rigorously expressed, results 
in the same general conclusion which Forbes and Kriss (65) expressed in the form 
of a new feeding standard based on an assumed constancy of utilization of metabo- 
lizable energy for maintenance, body gain, and milk secretion. 

Axelsson in Sweden continued this line of reasoning (5, 6, 9, 10). He com- 
puted from the results of Kellner’s metabolism experiments that the percentage 
utilization of the metabolizable energy of natural feeds was maximal when the 
protein content of the ration was 10-18% and also when the fiber content of the 
ration was 18-23%. His results relating to fiber were severely criticized by 
Moligaard (117), who, on analysis of Fingerling’s later data from Mockern, 
found no such relationship. Later, Breirem analyzed the complete data from 
Mockern and from Pennsylvania, Illinois, and Durham, as well as those from 
Copenhagen (29). He found that no protein optimum was discernible and that 
the net availability of metabolizable energy fell steadily and linearly as the fiber 
content of the ration was increased, as indeed, had been noted by Kellner years 
earlier and had been incorporated in his factors for the computation of nutritive 
value. Undoubtedly, there are many difficulties and pitfalls inherent in the task 
of recomputing Kellner’s experiments to prove or disprove particular points as 
both Breirem and Axelsson have been at pains to point out to one another (7, 30). 
Axelsson has, however, developed a system of feed evaluation based on metabo- 
lizable energy (8). 

The crux of the viewpoint expressed by Mitchell and implied by Forbes is 
the definition of the term ‘‘balaneed.’’ When these theories were first expressed, 
the term presumably described a ration adequate but not excessive in terms of 
mineral and vitamin content and optimal with respect to amino acid supply. If 
this is the definition of ‘‘balance,’’ then the theories are not tenable since the net 
availability of the metabolizable energy of a ration for cattle is determined by 
factors other than these. It falls as the fiber content is increased, as Kellner 
showed. The proportion of fat to carbohydrate certainly affects the net availa- 
bility of the energy of the ration in the rat (63); comparable calorimetric experi- 
ments with cattle have not been made. Furthermore, the physical form of the 
ration affects the net availability of the energy it contains. Thus, when a ration 
of dried grass was given to sheep in the long form the net availability of the 
metabolizable energy it contained was much lower than when it was given as 
small pellets (20). The chemical composition of the foods was identical: they 
were from the same sample of material. Similarly, the artificial drying of grass 
decreases its net energy value very appreciably although the loss on drying is 
restricted to water (80). 

For Mitchell’s hypothesis to be correct the term ‘‘balance’’ must include an 
exact definition of an optimal fibre content, an exact definition of an optimal 
fat : carbohydrate ratio, and definition of the optimal physical state of the ration 
and its water content, as well as a statement on the amount of it that is given. 
Furthermore, the experiments with vitamin A, vitamin D, and magnesium cited 
above show that the ‘‘balanced’’ ration need not be adequate with respect to these 
three dietary essentials! It would appear, therefore, that the concept of ‘‘bal- 
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ance’’ can hardly be used to provide an over-all simplification of the situation. 
Thus, as pointed out previously (19), the economic returns of animal feeding 
involve feeding rations which differ considerably in fiber content and in physical 
form and water content and often contain quantities of protein in excess of 
minimal requirements. Economic circumstances necessitate rations being given 
at different levels to promote different functional performances. To state that an 
idealized food is optimally utilized under certain specified conditions is to be 
rather impractical. Certainly, the idea that metabolizable energy can serve as a 
basis for food evaluation does not provide the key to the problem. 


ASSOCIATIVE EFFECTS AND UNIDENTIFIED LACTATION FACTORS 


Forbes and his associates made the significant observation that the nutritive 
value of an individual foodstuff was not constant. It depended on the ration to 
which it was added. Thus, when corn was added to a basal ration of corn, it had 
a smaller net energy value than when it was added to a ration of alfalfa hay (67). 
Corn also had a smaller net energy value when added to a ration of alfalfa hay 
than when added to one of oat straw (62, 99). 

In the analysis of the causes of these associative effects, it is convenient to 
deal first with the associative effects in digestion and then with the associative 
effects in metabolism. Mitchell (710) has emphasized the importance of associa- 
tive effects in digestion in ruminants, has shown that most of them may be traced 
to changes in the ratio of sugar and starch to nitrogen-containing compounds in 
the diet (37, 113), and has provided ample evidence that the effects are referable 
to a dietary modification of the activities of the rumen flora. More recently, 
mineral elements have been shown to have a considerable effect (36, 156). Experi- 
ments in which direct examinations of rumen contents have been made show that 
total bacterial numbers, species dominance, and the rate of accumulation and 
molar proportions of the major bacterial metabolites are profoundly altered by 
the diet (13). It is of considerable significance too that instances of associative 
digestibility are virtually confined to ruminant animals. In nonruminants they 
are absent or quantitatively of only minor importance. A part of the associative 
effects on the net energy value of foods may thus be referred to the marked 
differences in the bacterial milieu that may be induced by differences in basal 
ration. A basal ration of corn obviously produces a different bacterial ecology 
in the rumen to one of alfalfa hay. 

Associative digestibility does not account for the whole of the associative net 
energy effects. The results of Forbes quoted above show clearly that the net 
availability of metabolizable energy is not constant for an individual food: The 
amount of heat lost when a particular food is added to a maintenance ration 
depends on the maintenance ration employed. 

To account for these effects on the heat increment the usual theoretical inter- 
pretation given is that when added to one ration a particular food improves the 
nutritional balance of the ration as a whole, whereas its addition to another does 
not improve its balance or correct any nutritive deficiencies. Again, this inter- 
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pretation of the results depends on the meaning of the term ‘‘balance of the 
ration.’’ It should be emphasized that ‘‘balance’’ in this connotation refers to 
an optimal balance of nutrients reaching the tissues, not to any hypothetical 
concentration of carbohydrates, amino acids, minerals, and vitamins in the rumen 
which might form an optimal substrate for rumen bacteria. The latter aspect is 
assumed to be specifically discounted by dealing with the heat losses per unit of 
metabolizable energy. 

The same logical difficulties discussed previously apply to the interpretation 
of associative effects on the heat increment as due to the correction of nutritive 
deficiencies of the basal ration. The presence of such nutritional deficiencies is 
an assumption and there is no independent evidence that such deficiencies exist. 
Although attractive, the theory that the very large associative effects that have 
been noted can be explained in terms of improvement of ‘‘balance’’ does not 
appear tenable. 

An alternative explanation can be offered which, in effect, refers the major 
part of the associative phenomena to events occurring in the digestive tract. In 
the first place, the heat increment includes the heat of fermentation. This, from 
the studies of Marston (104), probably accounts under normal conditions of 
cellulose dissimilation for some 15% of the heat increment. Any depression or 
stimulation of the over-all heat losses due to fermentation occurring when a food 
is added to a basal ration is reflected as a corresponding elevation or depression 
of the net availability of metabolizable energy. 

Secondly, there is now overwhelming evidence that variations in the make-up 
of the ration as a whole modify the amounts and molar ratios of the steam-volatile 
acids formed. Thus, a low amount of roughage in the diet of cows leads to 
inereased production of propionic acid and a decrease in acetic acid. In sheep 
also (14, 137) rations high in corn increase the proportion of propionate (126), 
whereas old, highly fibrous materials such as poor quality hay result in a high 
proportion of acetate in the steam volatile acids produced (74). The proportion 
of the digested carbohydrate that reaches the tissues as hexose and pentose prob- 
ably differs too from food to food. Grouven in 1864 (75) suggested that the very 
high heat increments associated with the ingestion of carbohydrate in ruminants 
were, in fact, due to the metabolic stimulus of the acids produced in the rumen 
fermentation. This hypothesis was ignored by Kellner (91), who referred the 
heat inerement to the work of digestion or ‘‘verdaungsarbeit,’’ a term which 
ineludes the energy expended in prehending, masticating, and ruminating food, 
together with secretion of the salivary and alimentary tract secretions. The 
suggestion of Grouven was resuscitated by Ritzman and Benedict (129) only te 
be rejected since they thought that because the nonruminant horse showed a heat 
increment almost as great as that in the ruminant cow, stimulation by fatty acids 
could hardly account for both phenomena. The studies of Elsden et al. (45), 
however, have shown that the steam volatile acids are a major end product of 
carbohydrate digestion in the horse, just as they are in the cow. Marston (105) 
and later McClymont (107) have also suggested that the intermediary metabolism 
of the fatty acids, more particularly acetic acid might well be the main factor 
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concerned in accounting for the high heat increment of the ruminant. The work 
of Lusk (103), in which a small quantity of acetic acid (3 g.) was given to dogs 
and their heat production measured, was quoted in support. 

In this laboratory, it has been shown (4) that the steam volatile acids when 
given to fasting or to fed sheep by continuous rumen drip in physiological 
amounts exert a very considerable heating effect and that the effect is much 
greater for acetic acid than it is for either propionic or butyric acid. Evidence 
for synergistic effects has also been obtained. This suggests that the associative 
effects of foods on the net availability of metabolizable energy arise as a result 
of differences in the proportions of the acids produced when one food is added 
to different basal rations and is consonant with modern knowledge regarding the 
dissimilation of two-C fragments. This hypothesis, in effect, refers the major part 
of associative effects of feeds in metabolism to events occurring in the rumen. 
There is no need to predicate unknown dietary deficiencies of specific factors or 
the concept of the ideally balanced ration in order to account for it. 

Whether the above interpretation of the associative effects is correct or not, 
the fact remains that their undoubted presence makes it difficult to assess the 
nutritive value of individual feeding stuffs when they are used as supplements 
to widely different types of rations. The net energy value of a ration as a whole 
is, however, still a valid measure of its nutritive value, and the problem of esti- 
mation of the nutritive value of individual feeds can probably be tackled by 
considering their contribution to the ration as determinants of the course of the 
rumen fermentation and the proportion of the steam volatile acids and other 
digestion products produced. In this respect, it can be pointed out that Kellner’s 
‘*fiber correction’’ may be regarded as the first crude attempt to do this. Kellner 
found that the utilization of the energy of the predominantly carbohydrate diet 
of the steer fell as the fiber content of the ration increased, a fall Breirem showed 
to be virtually linear! The studies already referred to have shown that an in- 
crease in fiber content produces an increase in the proportion of acetic acid in the 
fermentation products, and so Kellner’s ‘‘fiber correction’’ may, in fact, correct 
for differences in the fermentation processes, not for the ‘‘work of digestion”’ 


.° 


as he supposed. 

The recent work of Huffman and Duncan (83-87) with dairy cows purports to 
demonstrate the presence in certain foods of specific factors that are essential for 
the maintenance of lactation in the cow. They showed that some foods when sub- 
stituted on an equal TDN basis for the hay of an all-hay ration resulted in an in- 
erease in milk production. This demonstrates very effectively that the digested 
nutrients arising in the digestion of roughage are less well utilized than are those 
that arise in the digestion of concentrates. The same results had been noted very 
early—by Kellner in his calorimetric experiments with steers, by Schneiderwind 
(133) in feeding trials with steers and by Fraps in trials with growing sheep (70), 
and by many others. There is no doubt that the effect exists, but to interpret it 
as evidence for the presence of unidentified factors specifically required to sup- 
port lactation is hardly warranted. Workers in both Europe (31) and America 
(89, 102, 106, 132) have pointed out that the evaluation of the foodstuffs em- 
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ployed in Huffman’s experiments on the basis of calculated net energy values 
abolished a very large part of the effect. The effects obtained by Huffman and 
Dunean are to be explained, therefore, in terms of the effect of the feeding stuff 
on the rumen fermentation, an effect which can be predicted approximately by 
either Kellner’s fiber correction or Lehmann’s ballast correction (100), both of 
which can be employed to estimate the net energy value of foods from their 
content of digestible nutrients. It is of interest, however, that Swedish (46, 47) 
and Swiss (15) workers have not been able, in calorimetric experiments with 
-abbits, to demonstrate an effect of fiber on the net availability of metabolizable 
energy. The Swiss workers point out (41, 42) that the utilization of fiber by 
rabbits is much inferior to that by ruminants. Their studies do not detract from 
the above interpretation of the effects of fiber in the ruminant or from the inter- 
pretation of Huffman’s unidentified factors as nothing more than an increase in 
the net energy of the ration due to a change in the fiber content of the rumen 


substrate. 


METHODS OF PREDICTING NUTRITIVE VALUE 


The above discussion makes it clear that the problem of predicting the ability 
of a food to sustain a particular level of animal production is by no means an 
easy task. The nutritive value of a food is not a constant; it varies significantly 
with the species considered, the type of production it supports, the amount of it 
which is given, its physical state, and the ration to which it is added. Some of 
these effeets can be allowed for in an approximate way by a correction of animal 
requirements. Thus, a convenient but approximate correction for the effect of 
plane of nutrition is to inerease the estimates of animal requirements at the 
higher nutritive levels and to measure food values at one constant nutritional 
plane. Similarly, the greater efficiency of lactation compared with fattening can 
be corrected for by expressing lactation in terms of fat production, as Méllgaard 
has, indeed, done. 

The present American method of assessing foodstuffs is based on the TDN 
system, and as a rough guide to feeding practice it has worked reasonably well. 
It measures what food contains, rather than what animal performance it can 
promote. Its advocates are impressed by its simplicity and infer that it is a more 
accurate measurement than systems based on the net energy principle. This 
inference may appear true in that the errors of measuring TDN are small com- 
pared with those of measuring net energy, but the inference is really false in that 
the aim of any system of evaluation is to predict animal performance with maxi- 
mal accuracy, not to measure what food contains. The inability of the TDN sys- 
tem to predict animal performances on different types of feed, as evidenced by 
the work of Huffman and others, is its weakness. 


European methods of assessing nutritive value are all, in effect, based on the 
net energy principle. Nobody in Europe would suggest that there are no anoma- 
lies in the various systems employed or that they always place the foods in the 
correct order of their physiological efficacy, but most are convinced that the net 
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energy systems, besides being logically more sound, do more nearly approach a 
correct system of practical evaluation than do systems based on TDN or on 
metabolizable energy. The adoption in Europe of the net energy principle in 
food evaluation, although it may pose a number of new problems, does at least 
attempt to equate for known effects of foods in metabolism. The TDN system 
ignores their existence. 

The methods of assessment of feeding-stuffs in Europe, whether expressed 
in terms of net energy, starch units, or fodder units, are based almost entirely 
on the work of Kellner. The larger proportion of the values listed by Armsby 
and by Morrison come from the same source, and so do many of the production 
values of Fraps. 

Kellner’s original method of prediction was as follows. He found by experi- 
ments with purified materials that 1 kg. of digestible protein produced 2,240 
keal. as fat in the body, that 1 kg. of nitrogen-free extractives (starch) produced 
2,360 keal., and that 1 kg. of fiber produced 2,360 keal. He also found that with 
the digested ether extractives of foods varying amounts of fat retention resulted, 
more for oil seed products than for roughages. When he applied these factors 
to the digested nutrients of foods, he found that in all instances the predicted 
energy retention as fat was less than that determined in the respiration appa- 
ratus. With concentrated foods the difference was small, the observed values 
usually being 75-95% of the ealeulated ones. For roughages, however, the dis- 
crepancies were greater, some observed values being less than 45% of the caleu- 
lated ones. Kellner, therefore, instituted two types of correction factors. One, 
the ‘‘wertikeit’’ or ‘‘value number’’ to be applied to concentrates was simply 
the ratio of the observed net energy to the calculated net energy expressed as a 
percentage. The other was the ‘‘fiber correction.’ This was a simple deduction 
of 1,360 calories for every kilogram of crude fiber present in 100 kg. of the food. 
The use of value numbers assumed that the discrepancy between observed and 
computed values was an intrinsie property of the food, whereas the fiber correc- 
tion attempted to correlate chemical composition with the discrepancy. Finally, 
Kellner, believing perhaps that expression in terms of kiloealories of net energy 
involved too scientific a concept for the farmer, expressed all his values relative 
to starch. His final factors were : 


multiply by 


digestible pure protein 0.94 - 
digestible nitrogen-free extract 1.00 
digestible crude fiber 1.00 
digestible ether extract in oil seeds 2.41 

in grains 2.12 

in roughages 1.91 


The sum of the digested nutrients, each multi- 
plied by its appropriate factor is the erude starch 
equivalent. 
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This crude starch equivalent is multiplied by the value number or, alternatively. 
a deduction is made by using the fiber correction. For ordinary roughages 0.58 
units of starch equivalent are deducted per unit of crude fiber present in the 
original—not the digested—feed. For roughages given as chaff 0.29 units are 
deducted. For green foods the fiber correction varies from 0.29 for material 
containing 4% of fiber, to 0.58 for material containing over 16%. 

At the time, and with the information he had available, this method of Kell- 
ner was undoubtedly a remarkable advance over the TDN system. It did permit 
a very reasonable prediction of nutritive value from a small experimental basis. 
Armsby, however, regarded Kellner’s methods as ‘‘somewhat complicated’? and 
as ‘‘more or less empirical corrections.’ He and Fries proposed a more simple 
method ‘‘which seeks to attain the same end more directly, relating . . . the 
necessary deductions to the total dry matter .. . of the feed independently of 
its chemical composition.’’ This, in effect, proposed constant deductions of 
energy for concentrates and for roughages, respectively. Too few results were 
available to judge on statistical grounds whether Armsby’s method was superior 
to Kellner’s. Kellner’s system has since been adopted throughout the world, but 
Armsby’s has not been employed to any great extent. 

The starch equivalent measurement has not been adopted, however, without 
very considerable modification. One of the first of these was the step taken by 
Hansson in 1913 (77), when he linked the older Scandinavian fodder unit to 
Kellner’s starch-equivalent system. Hansson used the same factors as Kellner 
except that the protein factor was increased from 0.94 to 1.43. This was an 
attempt to correct for the higher nutritive value of protein in milk production. 
Ite further expressed his food values not as starch equivalents but as food units, 
one food unit being the net energy of 1 kg. of barley, namely, 1,650 keal. Hans- 
son’s tables of food values inelude further modifications of Kellner’s original. 
The value numbers of a large number of foods were altered. Thus, Kellner 
(without any experimental evidence) gave milk products value numbers of 100. 
These were inereased by Hansson to 130-142, and such are still in use in Norway, 
Denmark, and Finland, though in Sweden the values originally given by Kellner 
are now in use (8). Similarly, certain wheat products were given value numbers 
different from those of Kellner. Fingerling’s more recent experiments at Mock- 
ern (53) indieate Hansson’s estimates to be more nearly correct than the value 
numbers given by Kellner. 

In Britain, the starch equivalent system was adopted by Wood (143). He 
was, however, impressed by the fact that Armsby obtained higher values for the 
net energy of roughages than did Kellner, a fact explained by the difference in 
the nutritional planes adopted in the German and American experiments. Wood. 
therefore, increased all starch equivalent values for hay and straws by 20%. 
More recently (144) the 20% addition has been dropped for straws but retained 


for hays. 

Fraps (70), having in mind the need for simple methods, combined the factors 
of Kellner into ‘‘energy production coefficients’’ so that it became possible to 
avoid the rather tedious arithmetic of first computing the digested nutrients by 











NUTRITIVE VALUE OF FEEDS 1417 


applying digestibility factors, secondly computing the crude starch equivalent, 
and finally using the value number or the crude fiber correction. With Kellner’s 
values as a basis, Fraps then proceeded to test their practical value in feeding 
trials with sheep. Discrepancies were found in some instances and the energy 
production coefficients were altered accordingly. Breirem, who had _ previously 
proposed a fattening feed unit (27) essentially the same as the Seandinavian 
unit exeept that the fiber factor of 0.94 was employed instead of Hansson’s factor 
of 1.48, suggested that instead of Kellner’s factor being applied to the pure 
protein it should be applied to the crude protein of the feed. He then made 
corresponding corrections in the value numbers. Lehmann (100) proposed on 
the basis of Kellner’s nine experiments with roughages that the fiber correction 
of 0.58 units of starch value per percentage unit erude fiber in the feed should 
be replaced by a ‘‘ballast’’ correction, in which the crude starch equivalent is 
reduced by 0.44 units starch value per percentage unit of undigested organic 
matter in the feed. Breirem and Presthegge (32) have carried this method fur- 
ther, using some of Fingerling’s results, and arrived at a similar factor, which 
varies from 0.42 to 0.59 according to the class of feed, provided the preliminary 
calculation of crude starch equivalent is made with digestible crude protein, not 
digestible pure protein. 

In Europe recently, attempts have been made to institute a common system 
of evaluation, by using a ‘‘ European food unit’’ or, more in fitting with the 
pioneer work at Méckern, ‘‘ Kellner values.’’ At the present time discussion is 
in progress regarding not so much matters of principle as the choice of units in 
which to express Kellner’s starch equivalents. For instance, Fuchs (7.3) wishes 
to define the Kellner unit as 2,360 net calories, and Nehring (172/) prefers defin- 
ing it as 2,500. The Swiss wish to use 1,000 keal. as a unit, and Moéllgaard would 
prefer a Kellner unit to be defined as 830 net calories for fattening as in his 
feeding system (115). These arguments are contributing little to the real problem 
of food evaluation. 

The tabulated values of net energy in use in America are Armsby’s and Mor- 
rison’s. Armsby’s (7) stem from his own 20 determinations, which Forbes later 
showed to be in error for technical reasons, together with Kellner’s experimental 
and calculated values for German feedingstuffs, the latter making up the larger 
proportion. Morrison’s values of ENE (122) consist of estimates made by using 
Frap’s coefficients applied to the results of digestibility trials with American 
feeds, Armsby’s net energy values, and Kellner’s starch equivalents. All were 
subject to modification on consideration of the results of practical feeding trials 
both in America and in Europe. In other words, they are primarily Kellner’s 
values adapted in the light of the results of practical tests. 

The published nutritive values in these and other tables have been subject 
to further analysis in order to provide a better prediction of the nutritive value 
of a feed from its compesition. Watson (739), for instance, derived a starch 
equivalent prediction equation for hays and other forages based on the crude 
fiber content of the original material, whereas Moore et al. (120) have related the 
ENE content of feeds to their TDN content. A series of such relationships has 
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been presented by Walker and Hepburn (738). As far as the estimation of starch 
equivalent or net energy from the gross composition is concerned, these relation- 
ships usually reflect the underlying assumptions made in calculating the net 
energy value of foods from their composition in the first place. The correlations 
are, in facet, implicit in the methods adopted by Kellner to compute nutritive 


value. 
CONCLUSIONS 


Everyone who has been concerned with the problems of measuring the energy 
exchanges of animals and estimating the nutritive value of feeds has the greatest 
and most sincere admiration for the work of Kellner and of Armsby. That in 
almost all countries the methods of feed evaluation Kellner proposed have come 
into daily use is indicative of the importance and utility of his work. No one 
would deny, however, that Kellner’s methods lead to anomalies or that his con- 
cepts of the energy exchange of animals have been superseded in many aspects 
by the newer concepts of biochemistry. This does not detract from the essential 
soundness of his work; rather it emphasizes the need for its integration in a 
more up-to-date framework of biochemical ideas. 

It has oeeurred to several workers in Britain and the Commonwealth that 
the key to food evaluation and a deeper understanding of the energy nutrition 
of the ruminant animal lies in the elucidation of the chemical, physical, and 
biological factors that control the bacterial populations of the rumen and the 
kinetics and energetics of the subsequent dissimilation of the produets arising 
from bacterial fermentation of the complex carbohydrates of the ruminant’s diet. 
As previously stated, it appears that, although he probably did not appreciate 
it, Kellner’s fiber correction may be regarded as a first, and certainly empirical, 
approach in this direction. Clearly, as more information on these aspects of 
ruminant metabolism accrue, the greater will be the possibility of devising meth- 
ods of evaluating feeds as components of rations. I certainly do not share the 
pessimism once expressed by Forbes when he doubted whether it would ever be 
possible to evaluate feeds precisely in terms of energy under the bewildering 
variety of nutritional cireumstanees in which our farm livestock exist. 
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CONSUMPTION ON TOTAL DIGESTIBLE NUTRIENT 
INTAKE AND MILK PRODUCTION! 


D. F. OWEN, JR.,’ C. R. RICHARDS, anp T. A. BAKER 


Department of Animal and Poultry Industry, University of Delaware, Newark 





The effect on total nutrient intake resulting from three levels of corn 
silage feeding when hays of two different qualities were fed ad libitum 
was studied. No significant differences in milk production were found. 
Twelve experimental animals were fed three levels of corn silage—55, 35, 
and 15 lb. per day per cow—over a period of 3 weeks. Hditor. 











High-producing cows under usual herd management practice rarely attain 
their maximum milk production. In addition to various environmental factors 
that may have a bearing on lactation, the cow’s feed intake and production are 
limited in most herds by the character of the feed or the policy of the owner. 
The very highest production can be obtained only by very liberal feeding of 
concentrates, and this practice may be both uneconomical and injurious to the 
cow. The digestive system of the cow is well equipped to handle large amounts 
of relatively inexpensive roughages, and the most efficient feeding practice 
depends on encouraging maximum roughage consumption. 

This experiment was conducted to determine the effect on total nutrient 
intake resulting from three levels of corn silage feeding when hays of two 
(different qualities were fed ad libitum. 

Very little has been done in the way of determining an exact level at which 
corn silage should be fed to produce the best response in roughage intake and 
milk production. In 1888 a feeding trial was reported by the Maine Experiment 
Station (1), where cows receiving timothy hay as their sole roughage increased 
their milk yield when part of the hay was replaced by corn silage. Since then 
there have been many trials at experiment stations indicating that the combina- 
tion of silage and hay improved milk production when compared with hay as 
the only roughage. However, some trials showed no advantage from silage feed- 
ing when hay of satisfactory quality was liberally fed. - 

Many of the trials dealt principally with the economical aspects of using 
silage. Most noteworthy were those of White and Pratt (7). Ten trials with 
corn silage at various stages of maturity were conducted. In the latest of these 
trials a heavy silage feeding level was found to be of no more advantage than 
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a light level when cows were given hay ad libitum. A moderate loss in body 
weight was reported for cows fed light silage. 

Monroe and Allen (4) found that liberal silage feeding with a small amount 
of hay gives 5% greater milk production than heavy hay feeding with a small 
amount of silage. Converse (2) found that cows receiving only corn silage and 
concentrates maintained about the same level of milk production as those fed 
hay, corn silage, and concentrates when the total nutrient levels were the same. 

A consensus of all trials indicates that varying the ratio of hay to silage in 
the ration of the dairy cow has little effect on milk production or on the con- 
sumption of total digestible nutrients. Nevertheless, some results indicate that 
differences in hay quality may have a considerable effect on the amount of 
silage that should be fed. Morrison (35) states that ‘‘silage is particularly im- 
portant for milk production when the available dry roughage is rather inferior.’’ 


EXPERIMENTAL PROCEDURE 


Twelve Holstein cows were divided into two groups of six each. The produc- 
tion records of these cows were studied for a period of 3 weeks prior to the 
beginning of the experiment, and the groups were arranged so that they would 
be about the same in production and stage of lactation. Both groups were fed 
successively on three levels of corn silage—55, 35, and 15 lb. per day per cow. 
The experimental period for each level was 3 weeks. One group was fed orchard 
grass hay and the other, mixed clover and timothy hay. The hays were officially 
classified by the U. 8. Department of Agriculture, the orchard grass hay as 
U. S. No. 3 Green Grass Hay, 50% green color, and 18% foreign material. The 
hay plants were 76‘ orchard grass and 24% bluegrass and redtop. The mixed 
hay was U. S. Sample Grade Timothy Clover Mixed Hay, 35% green color and 
2% foreign material. The hay plants were 56% timothy, 35% clover, 4% grain 
hay, and 5% alfalfa. They were musty and moldy. 

The silage was made from well matured, heavily eared Iowa 4059 corn. The 
analyses of the hays and silage are given in Table 1. The mixture of concen- 
trates was the same as that given to the other cows in the herd and contained 
14.8% digestible protein and 72.5% total digestible nutrients as calculated from 


TABLE 1 
Composition of roughages fed* 








Estimated 
Estimated digestible Original 
Period TDN” protein” moisture Protein® Ash‘* Fat ° Fiber ‘° 

(%) (%) ‘“(%) (%) (%) (%) (%) 

Silage 
55 lb. 22.62 1.57 65.90 8.52 4.56 2.61 20.76 
35 lb. 21.30 1.54 68.20 8.86 4.54 3.24 18.57 
15 Ib. 20.84 1.56 68.95 9.29 4.88 3.66 19.00 
Orchard grass hay 51.78 6.01 3.95 11.78 6.78 2.28 37.37 
Mixed hay 54.65 6.09 5.01 10.88 6.77 2.11 31.34 





* Composition analysis done by G. R. Waller of the Experiment Station Agricultural Chem- 
istry Department. 

» Caleulated from Morrison’s feeding tables. 

* On a dry matter basis. 
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Morrison’s tables. The amount of concentrates was established at the beginning 
of the experiment for a grain-to-milk ratio of 1 to 5. No change in the amount 
of concentrates fed per cow was made during the experiment, regardless of 
decline in milk production. 

All feeds were weighed as they were fed to the cows and all refusals weighed 
to determine actual intake. The cows were fed 1 hour before milking morning 
and evening and checked several times daily to make sure that there was no 
shortage of hay before any cow. 

Records of milk production and butterfat tests were kept, and milk weights 
were corrected to a 4% fat basis. Body weights were taken at the beginning 
of the experiment and at the end of each period. The significance of all differ- 
ences was checked by Snedecor’s method of variance analysis (6). 


RESULTS AND DISCUSSION 


There was no significant difference between the mixed hay group and the 
orchard grass group in the amount of corn silage eaten at any of the three 
silage feeding levels. Only one cow of the twelve ate all of her allotted silage 


TABLE 2 
Average daily roughage intake per cow 





Orchard grass Mixed hay 








Silage Hay Silage Hay 
(1b.) (1b.) (1b.) (1b.) 
55-lb. silage level 47.6 8.3 46.9 11.8 
35-lb. silage level 32.1 13.7 31.8 18.7 
15-lb. silage level 15.0 18.1] 15.0 23.8 





TABLE 3 
Average daily dry matter intake per cow 








Orchard grass hay 


Mixed hay 





55 Ib. silage level 
Silage 
Concentrates 


Hay 
Total 


35 lb. silage level 
Silage 
Concentrates 
Hay 


Total 


15 Ib. silage level 
Silage 
Concentrates 
Hay 


Total 


Dry matter (1b.) 


10.34 
5.74 
13.48 


29.56 + 1.37 


28.07 + 1.31 


Dry matter (1b.) 


15.94 
5.89 

11.22 

33.05 + 0.72 
9.98 

5.89 

17.98 


33.85 + 1.08 


4.66 
5.89 
22.55 


33.10 + 1.21 
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at the 55- and 35-lb. levels. Table 2 summarizes the average daily roughage 
intake for each group at each level. 

Dry matter intake. The average daily dry matter intake for each cow of 
both groups at each silage feeding level is shown in Table 3. The cows receiving 
orchard grass hay consumed from 31% to 5 lb. less dry matter per cow daily than 
did the mixed hay group. These differences were significant at the 1% level. 

In the orchard grass group the cows receiving 15 lb. of silage daily consumed 
about 11% lb. less dry matter per cow daily than they did at the two higher levels. 
This difference was not significant. There were no significant differences in the 
dry matter intake in either the orchard grass group or the mixed hay group. 

The average total digestible nutrient intake for both groups at each silage 
feeding level was computed from Morrison’s tables and is shown in Table 4. 
In all cases the intake exceeded the Morrison standard for milk production. 


TABLE 4 


Summary of total digestible nutrient intake, body weight changes, and milk decline 











55-lb. level 35-lb. level 15-lb. level 
Orchard Orchard Orchard 
Mixed grass Mixed grass Mixed grass 
hay hay hay hay hay hay 
TDN (av. lb.) 26.5 25.1 26.4 23.4 25.5 21.8 
Per cent of Morrison stand- 115.0 109.5 119.6 114.4 119.2 114.7 
ard, daily per cow +4.09 +4.43 +5.39 +5.21 +3.75 +6.82 
Avy. body weight change (1b.) +17 —10 1] 0 —10 —37 
Ay. milk production de- 
cline as per cent of pre- 
vious week 0.55 4.03 1.6 1.3 3.08 —4.93 








Milk production. During the 9-week experimental period, the orchard grass 
hay group dropped 1,411 Ib. in total milk production, and the mixed hay group 
dropped 622 lb. This difference in decline is especially interesting since the 
orchard grass group averaged a little over 1 month less in stage of lactation. 
Throughout the trial the orchard grass group lagged one full period behind the 
mixed hay group. The low intake of orchard grass at all times seems to account 
for this difference, and it is obvious that at the higher silage feeding levels the 
cows were not eating enough silage to offset the low hay consumption. 

The data indicate that there is a significant drop in milk production with 
decreasing levels of silage feeding, but this may be largely or wholly accounted 
for by normal decline in lactation. 

Body weight changes. As shown in Table 4, the figures for gains and loss of 
body weight indicate no relationship to the intake of total digestible nutrients. 
There was a general tendency for all cows to decrease in body weight as the 
amounts of silage were decreased. Hills (3) reported that shrinkage in body 
weight accompanies lessened silage consumption in the rations of cows, and the 
same observation was made by White and Pratt (7). Since such weight losses 
are small, it seems likely that they may be due to less rumen ‘‘fill’’ on rations 
low in silage. 














(3) 
(4) 


(5) 
(6) 
(7) 


VARYING LEVELS OF ROUGHAGE CONSUMPTION 1429 


CONCLUSIONS 


The cows receiving orchard grass hay had a significantly lower intake of dry 
matter and total digestible nutrients than those fed the mixed clover and 
timothy. 

The average daily intake of dry matter for the group fed mixed clover and 
timothy hay was the same at each level of silage feeding. For the group fed 
orchard grass hay the dry matter intake was the same at the two higher 
levels and about 11% lb. per cow per day less at the low level. This difference 
is not significant. There is no indication that silage feeding will offset the 
effects of hay of low palatability. 

Changes in milk production are not significant in either group when allow- 
ance is made for normal lactation decline. 

The loss in body weight in both groups at the 15-lb. silage level is not signifi- 
cant and may be due to less rumen ‘‘fill.’’ 
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ABSORPTION AND DISSIMILATION OF LACTATES ADDED TO THE 
BOVINE RUMEN AND THE RESULTING EFFECTS 
ON BLOOD GLUCOSE! 


F. G. HUETER, J. C. SHAW, ano R. N. DOETSCH 


Departments of Dairy Husbandry and Bacteriology, University of Maryland, College Park 





Because of the importance of lactates in the treatment of bovine ketosis 
it was thought advisable to secure information on the dissimilation and ab- 
sorption of lactic acid in the bovine rumen as well as the possible effect 
upon blood glucose levels. Two nonlactating and nonpregnant cows were 
used as experimental animals. The results show that the degradation of 
lactates by bovine rumen microorganisms results in increases in rumen VFA. 
The authors believe that direct absorption of large amounts of lactic acid by 
the blood can occur. Editor. 











A number of investigations have been made concerning microbial dissimila- 
tions of various natural feedstuffs and/or single specific compounds in the bovine 
rumen (3, 4, 7, 8, 13). Phillipson and McAnally (8) observed that glucose, fruc- 
tose, and sucrose were rapidly fermented to lactic acid in the sheep rumen and 
this metabolite was consequently converted to lower fatty acids. Since little or 
none of these volatile fatty acids were observed to pass to the abomasum, it was 
suggested that they may be absorbed directly from the rumen or omasum. 
Maltose, lactose, and galactose were fermented more slowly, and no accumulation 
of lactic acid was noted in the ingesta. When lactic acid was present in substan- 
tial amounts, some was observed in the abomasum. Elsden (3), in an experiment 
in which in vivo and in vitro methods were compared, noted that when soluble 
carbohydrates were fermented, a primary dissimilation to lactic acid occurred 
followed by conversion of this to volatile fatty acids, mainly propionic acid. 
Experiments conducted by Hungate et al. (4) confirmed and extended the work 
of Phillipson and McAnally, and Elsden. When excesses of grain or glucose were 
fed, there was an accumulation of nonvolatile acid and a diminution of volatile 
acid. In contrast to Phillipson and MeAnally’s results, Hungate et al. (4) found 
that starch as well as glucose resulted in a large production of lactic acid and a 
consequent modification in rumen fermentation products. Phillipson (7) observed 
large concentrations of lactic acid whith appeared to be fermented mainly to 
propionic acid in the rumina of lambs fed a ration of hay, flaked maize, and maize 
gluten feed. Similar results were obtained following the administration of glu- 
cose. Waldo and Schultz (13) have also observed increases in rumen lactic acid 
following the administration of glucose and the feeding of grain and various 
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silages to dairy steers. It was noted that lactic acid disappeared rapidly from 
the rumen after its administration. 

In 1951, Seekles (10) reported that ammonium lactate was beneficial for the 
treatment of bovine ketosis. Approximately 4-0z. doses were given per os twice 
a day for a period of 5 days or longer. Additional studies were conducted by 
Shaw et al. (11) in which calcium lactate per os was found to be beneficial in the 
treatment of bovine ketosis. A mixture of calcium lactate and sodium lactate was 
observed to be more palatable than calcium lactate alone, whereas sodium lactate 
or ammonium lactate alone was less palatable. It was concluded that calcium lac- 
tate, alone or in combination with other forms of lactate, offers considerable 
promise, either as the sole treatment or as a supportive after an initial injection 
of glucocorticoid or ACTH. 

In the light of the foregoing work, it is surprising to note that little has been 
done on the dissimilation and absorption of lactic acid in the bovine rumen as 
well as on the possible effeet upon blood glucose levels. The purpose of this paper 
is to present data resulting from a study of this nature. 


EXPERIMENTAL PROCEDURE 


‘Animal feeding. Two permanently fistulated, nonlactating and nonpregnant 
cows, one Jersey and one Holstein, were used as experimental animals. They 
were fed according to Morrison’s requirements (6) on a ration of 8 lb. alfalfa 
hay and 6 lb. of a 16% protein concentrate mixture. The concentrate ration was 
fed twice daily except on days of experimental trials, when the morning feeding 
was omitted. Hay was fed only in the evening and in controlled amounts to 
insure complete consumption by 12:00 midnight. On trial days, water was with- 
held from the animals starting at 12:00 midnight and ending at 4:30 a.m., at 
which time they were allowed access to water for approximately 0.5 hour. The 
water then was removed and an interval of approximately 3.5 hours was allowed 
before the start of the trial. This interval should have allowed sufficient time 
for the ingested water to reach an equilibrium within the animal. After the 
morning watering, the animals did not receive water until the end of the trial 
period. The cows remained at approximately constant weight and were in ‘“‘ 
health’’ throughout the entirety of the study. 


good 


Sampling. Rumen liquor samples (500 ml.) were obtained via the fistula with 
the aid of a metal tube and rubber hose connected to an aspirator pump. Samples 
were taken prior to administration of substrate and at various intervals after 
substrate addition. Immediately after removal, the rumen liquor was strained 
through two layers of cheesecloth and then centrifuged at 1,000 r.p.m. for 15 
minutes to remove the residual feed particles. Several aliquot samples of the 
resultant supernatant liquid were preserved and saved for lactic acid and vola- 
tile fatty acid analyses. Samples for lactic acid determination were preserved 
by adding 0.1 ml. of 100% (w/v) trichloroacetic acid to 1 ml. of rumen fluid. 
Samples for volatile fatty acid determinations were preserved by adding 1 ml. 
of a saturated mereurie chloride solution to 9 ml. of rumen fluid. In the single 
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experiment concerning in vitro dissimilation of sodium lactate, the cell suspension 
method of Doetsch et al. (2) was employed. 

The following methods of analysis were used: rumen and blood lactic acid, 
Barker and Summerson (1); volatile fatty acids, Keeney (5); blood glucose, 
Somogyi (12) modification of the Shaffer-Hartman method. 

All substrates used in this study were diluted with water to a volume of 1.5 to 
2.0 1. and were then administered via the rumen fistula. The various forms of 
lactates used were as follows: Trials 1 and 2, 6 lb. of a 50% (w/w) lactic acid 
solution partially neutralized with Na,CO, to pH 5.5; Trials 3 and 4, 1.5 Ib. 
sodium lactate [3 lb. of a 50% (w/w) sodium lactate solution| and 1.5 Ib. eal- 
cium lactate; Trial 5, 3 lb. of calcium lactate; Trial 6, 3 lb. calcium lactate and 
3 lb. calcium lactobionate; and Trial 7, 3 lb. calcium lactate and 1 lb. calcium 


lactobionate. 
RESULTS 


In Table 1 and Figure 1 are summarized results of Trials 1 and 2 with 3 lb. 
lactic acid neutralized with Na,CO, to pH 5.5. The propionic acid concentration 
in the rumen fluid increased approximately 20% and the acetic acid concentration 


decreased approximately 21% in 8 hours. The concentrations of butyric and 


TABLE 1 


Rumen fluid volatile fatty acids and lactic acid following additions to the rumen of 
sodium lactate and calcium lactate solubilized with calcium lactobionate 





Molar per cent of total VFA 








Sampling Total Valerie plus Rumen fluid 
time VFA Acetic Propionic Butyrie higher acids lactic acid 
(hours) (uM /ml) (uM /ml) 
Trial 1 (3 lb. sodium lactate at pH 5.5) 

0 68.8 67.4 14.5 13.8 4.3 — 

0.5 38.8 71.1 14.1 10.4 4.4 — 

2 44.4 63.3 20.3 12.2 4.2 — 

5 80.3 50.1 29.9 16.0 4.0 — 

8 86.3 46.5 24.4 14.8 4.3 — 


Trial 6 (3 lb. calcium lactate and 3 lb. calcium lactobionate) 


0 52.5 68.4 14.8 12.6 4.2 5 
0.5 53.3 63.3 20.8 11.9 4.0 139 
92 67.6 56.8 27.1 13.1 3.0 111 
5 66.0 56.0 26.1 14.1 3.8 46 
8 53.1 62.2 21.1 12.1 4.6 15 
Trial 7 (3 lb. ealeium lactate and 1 lb. caleium lactobionate ) 
0 94.6 69.1 15.4 11.6 3.9 — 
0.5 88.5 65.4 ‘18.4 12.9 3.3 139 
5 127.0 46.0 25.9 25.1 3.0 83 
9 121.1 48.1 23.5 24.5 3.9 74 
12 112.8 56.4 19.8 19.3 4.5 28 





valerie plus higher volatile fatty acids (VFA) remained essentially constant. 
The amount of total VFA increased approximately 45 »M per milliliter of rumen 
fluid in 8 hours. The initial decrease in VFA concentration is ascribed to the 
dilution effect of the added substrate. This assumption is applied to all of the 
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Effect of fistula addition of 3 Ib. lactic acid (partially neutralized with NasCOs to 
Blood glucose and lactic acid curves represent the 


Fic. 1. 
pH 5.5) on blood and rumen substances. 
average of two trials and the rumen propionic acid curve, one trial. 


trials. In both trials, blood lactic acid increased approximately 28 mg. “%, reach- 
ing a peak 2 hours after the administration of the substrate. Likewise, in both 
trials, blood glucose increased markedly within 2 to 5 hours and was still at a 
high level at 8 hours. 

Results of Trials 3 and 4, with a mixture of 1.5 lb. sodium lactate and 1.5 Ib. 
calcium lactate, are summarized in Table 2. In both trials, the concentration of 
acetic acid decreased approximately 25% and the concentrations of both pro- 
pionic and butyric acids increased approximately 14% in 8 hours. A diminution 


TABLE 2 


Rumen fluid volatile fatty acids and lactic acid, and blood lactic acid following additions 
to the rumen of 1.5 Ib. sodium lactate and 1.5 1b. caleium lactate 





Molar per cent of total VFA 








Blood 
Sampling Total Valerie plus Rumen fluid lactic 
time VFA Acetie Propionic 3utyriec higher acids lactic acid acid 
(hours) (uM/ml) (uM/ml) (mg. %) 
Trial 3 
0 60.6 68.0 16.4 12.4 3.2 0 10.2 
0.5 57.5 64.9 19.0 13.1 3.0 205 20.8 
2 56.0 59.5 22.9 14.0 3.6 160 26.0 
5 58.3 50.6 27.1 720.6 Ea f 64 20.8 
8 69.7 43.1 29.3 26.6 1.0 44 17.0 
Trial 4 
0 72.9 67.2 16.4 14.2 2.4 0.2 6.1 
0.5 62.4 65.3 17.5 12.5 4.7 152.0 13.4 
2 64.2 58.1 22.3 18.0 1.6 120.0 19.6 
S 77.8 47.2 27.1 24.0 ia 56.0 28.4 
8 92.6 38.7 31.5 28.6 1.2 0.97 12.4 





« 
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Fig. 2. Effect of fistula addition of 3 lb. calcium lactate (rendered more soluble with cal- 


cium lactobionate) on blood and rumen substances. Blood glucose and rumen propionic acid 


curves represent the average of two trials and the blood lactic acid curve, one trial. 


in the concentrations of valeric plus higher acids was observed after 8 hours. 
Total VFA increased approximately 12 and 304 per milliliter of rumen fluid 
in 8 hours for Trials 3 and 4, respectively. During both trials, the rumen fluid 
lactic acid concentrations decreased gradually throughout the entire sampling 
period and the blood lactic acid increased markedly in 2 to 5 hours. Since the 
decrease of lactic acid in the rumen fluid was closely correlated with the increase 
of lactic acid in the blood, it is the authors’ concept that the increased amounts 
of blood lactic acid were due to direct absorption. 

A summary of the results of Trials 6 and 7 is presented in Table 1 and Figure 
2. The administration of calcium lactate solubilized with calcium lactobionate 
resulted in a marked increase in propionic acid and a decrease in acetic acid 
within 2 to 5 hours. An increase in butyric acid occurred after 5 hours during 
Trial 7 but not in Trial 6. In both trials there were slight but insignificant 
changes in valeric plus higher acids. The increases in total VFA were approxi- 
mately 14 and 39 uM per milliliter for Trials 6 and 7, respectively, and reached 
this peak in 5 hours. The following data were obtained after addition to the 
rumen of 3 lb. calcium lactate. 


Sampling Blood lactic Blood 
time acid glucose 
(hours) (mg. %) (mg. %) 

0 2.4 47.7 

0.5 3.4 42.6 

2 9.4 41.3 

5 5.0 46.4 

8 3.6 41.3 
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It should be noted that the administration of calcium lactate alone or in 
combination with calcium lactobionate did not, in any instance, cause a significant 
increase in blood lactic acid or blood glucose. The initially high blood lactic acid 
value in Trial 7 is attributed to an excitation of the experimental animal at the 
time the blood sample was drawn. In these trials, the decrease in rumen fluid 
lactic acid cannot be attributed to direct absorption. However, these decreases 
ean be explained largely by assuming lactate dissimilation and normal passage 
from the rumen of ingesta containing the substrate. 


TABLE 3 


Volatile fatty acids resulting from the in vitro dissimilation of 400 uM sodium lactate by rumen 
bacteria obtained before and 5 hours after adding 3 lb. of sodium lactate to the rumen 


Molar per cent of total VFA 








Sampling time for the rumen 





fluid used in the preparation of Total Valerie plus 
the cell suspensions VFA Acetie Propionic Butyrie higher acids 
(hours) (uM /ml) 
0-hour—endogenous 14.8 59.8 15.6 12.3 12.2 
0-hour—plus substrate 45.8 42.8 30.9 20.2 6. 
5-hour—endogenous 30.6 48.6 21.7 20.1 tsk 
5-hour—plus substrate 58.7 36.3 26.9 32.2 4.6 





The results of Trial 8 concerning the in vitro dissimilation of 400M of 
sodium lactate are presented in Table 3. Cell suspensions for this trial were pre- 
pared from rumen samples obtained during Trial 3. The first cell suspension 
(O-hour) was prepared from the sample of rumen fluid obtained prior to the 
addition of the substrate, and the second (5-hour) from the sample obtained 5 
hours after addition of the substrate to the experimental animal. Dissimilations 
by both cell suspensions resulted in an increase in the concentrations of propionic 
and butyric acids and a decrease in the concentrations of acetic and valerie plus 
higher acids. Cells from the 0-hour rumen sample caused a greater increase in 
propionic acid than cells from the 5-hour rumen sample. Conversely, cells from 
the 5-hour rumen sample caused a greater increase in butyric acid than cells 
from the 0-hour sample. The reason or reasons for these differences are not 
apparent. Total VFA production was approximately the same (30M per milli- 
liter) from both cell suspensions. 


DISCUSSION 


- 


These studies indicate that degradation of lactates by bovine rumen micro- 
organisms results in increases of rumen VFA, mainly propionic and butyric 
acids. When the more soluble sodium lactate was administered, some degradation 
occurred and, in addition, large amounts of lactic acid appeared in the blood, 
followed by increases in blood glucose. Since blood lactic acid increases were 
closely correlated with rumen lactic acid decreases, it is the authors’ concept 
that direct absorption of large amounts of lactic acid can occur. Failure of 
calcium lactate to cause significant increases in blood lactic acid values was 
thought to be due to its poor solubility. For this reason, calcium lactobionate 
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was added to increase the solubility of calcium lactate. Results indicate that 
addition of calcium lactobionate to calcium lactate, in ratios of 1 to 1 and 1 to 3, 
does not alter the effect of calcium lactate on blood lactic acid or blood glucose 
levels. The marked increase in butyric acid concentration in the rumen, which 
oecurred in Trial 7 and which was maintained for several hours, did not alter 
the level of blood glucose from normal. 

Since both calcium lactate and sodium lactate caused appreciable increases 
in propionic acid whereas only sodium lactate caused marked increases in blood 
lactic acid and blood glucose, it appears that the increase in blood glucose is due 
primarily to absorption of lactic acid from the more soluble lactate and not from 
absorption of propionic acid. However, it is recognized that propionic acid may 
act as a glucose precursor, as reported by Schultz and Smith (9). The data 
reported herein indicate that although some of the lactate was degraded to 
propionate, the amount so produced and absorbed was not sufficient to affect 
blood glucose levels. The results are interesting in view of the fact that Shaw 
et al. (11) obtained good results by administering calcium lactate per os as a 
treatment for bovine ketosis. Therefore, it is suggested that more soluble forms 
of lactate should be far more effective when used for this purpose. 

The results of the degradation of sodium lactate by cell suspensions of bovine 
rumen bacteria are of interest, in that they appeared to go in the same direction 
as in vivo results. Quantitative differences existing between in vitro and in vivo 
results are probably due to absorption occurring during in vivo trials. It appears 
that cell suspensions of bovine rumen bacteria are indicative of in vivo rumen 


occurrences. 
CONCLUSIONS 


The addition of sodium lactate to the bovine rumen resulted in large increases 
of blood lactie acid, followed by increases in blood glucose and degradation, by 
the ruminal flora, of some of the lactate in the production of volatile fatty acids, 
mainly propionic and butyrie acids. 

When calcium lactate was added to the bovine rumen, no appreciable in- 
creases in blood lactic acid or blood glucose were noted. A large amount of 
calcium lactate was dissimilated by the ruminal flora, resulting in the production 
of volatile fatty acids, mainly propionic and butyric acids. A large increase in 
butyric acid concentration in the rumen was not reflected by changes in blood 
elucose. 

Addition of calcium lactobionate to calcium lactate did not alter the effect 
of calcium lactate on blood lactie acid or blood glucose levels. 

Both calcium lactate and sodium lactate caused appreciable increases in rumen 
propionie acid concentrations, but only sodium lactate caused marked increases 
in blood lactie acid and blood glucose, indicating that the inerease in blood 
glucose was due primarily to absorption of lactic acid from the more soluble 


lactate and not from absorption of propionic acid. 
In vitro dissimilations by mixed suspensions of bovine rumen bacteria ap- 
peared to be indicative of the in vivo rumen occurrences. 











(6) 
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THE DETERMINATION OF BODY COMPOSITION BY THE USE OF 
ANTIPYRINE IN AUREOMYCIN-FED DAIRY CALVES?? 
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The stimulating effect of aureomycin on the rate of growth when fed in 
the ration of dairy calves has been established, but the effect of this drug 
on body composition is not known. This study involves the use of antipyrine 
for the determination of the amount of body water in the calf, and by the 
use of suitable mathematical factors body composition was calculated. The 
positive growth response of aureomycin was again established. /ditor. 











The fact that the inclusion of low levels of aureomycin in the ration of dairy 
calves has a beneficial effect upon the rate of growth has been well established 
in recent years (14). The effect of feeding antibiotics upon the body composition 
is not so well known. Rusoff et al. (25) reported heavier and larger carcasses and 
bone in calves fed aureomycin-supplemented rations, as well as a higher pereent- 
age of fat in the meat of the 12th rib cut. The percentages of water, protein, 
and ash were similar in both groups; therefore, the increased growth due to anti- 
biotie feeding was considered normal. In swine, Bowland et al. (1) reported 
lower carcass grade and increased dressing percentage when animal protein 
factor plus aureomycin was fed; Perry ct al. (21) found increased back fat 
thickness and weights of the bellies with aureomyein feeding; Huang and McCay 
(11) observed more total fat and lean meat when terramycin was fed. In rats 
fed aureomycin an increased carcass dry matter was reported by Hartsook and 
Johnson (9). Dymsza et al. (5), using terramyein, produced heavier turkeys 
which they considered to be of normal composition. 

It seems apparent that the true value of antibiotic feeding at low levels to 
stimulate growth in dairy calves cannot be fully evaluated until the composition 
of the growth brought about through its use is known. There has recently devel- 
oped considerable interest in the way in which antibiotics bring about an increase 
in growth. It would seem that a knowledge of the body composition at various 


ages would be of value to those working with this problem. 
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Moulton (18), using slaughter techniques, has made extensive studies of the 
body composition of cattle. He found that by 5 months of age, cattle had reached 
‘*echemical maturity’’ when expressed on a fat-free basis, i.e., if fat is not con- 
sidered, the remaining constituents of the body are in rather constant proportion 
to each other. The water content of the newborn ox was determined to be 76% 
of the fat-free body mass and dropped to 73.2% by 5 months of age. These per- 
centages agree well with the averages reported by Reid et al. (24). 

Determining body composition by conventional slaughter techniques is cum- 
bersome and expensive. For this reason, workers have sought a more simplified 
technique, and one which would not involve the sacrifice of larger animals. Most 
of these endeavors have involved the intravenous injection of a material into the 
blood in an effort to determine the water content of the body—a dilution tech- 
nique based on the concept that the constituents of the fat-free body mass are 
constant in relation to each other. Specific gravity and density of the careass 
were used by Rathbun and Pace (23); deuterium oxide has been used by several 
groups of workers (10, 16, 26); radioactive hydrogen in tritium oxide was used 
by Pace et al. (19). Urea was reported by Ralls (22) to be unequally distributed 
and therefore unsatisfactory ; potassium was considered by Greenberg et al. (7) 
to be unsatisfactory; conflicting reports as to their reliability have been made 
by Danowski (4) and Chesley (3) for thiourea, and by Painter (20) and Sise 
(27) for sulfanilamide. 

Of the in vivo techniques reviewed thus far, the deuterium and tritium oxide 
methods appear to give the best results, but the procedure followed in both these 
methods is rather involved. Therefore, a material has been sought that would be 
inexpensive and simple in its application. An ideal material should be nontoxic, 
slowly transformed in the body, slowly exereted from the body, rapidly dis- 
tributed, and readily measured. 

Recently antipyrine (1-phenyl-2,3-dimethyl-5-pyrazolone) was employed in a 
dilution technique for the determination of body water in man and in the dog 
(29). More recently, it has been used in swine (12) and in eattle (13). It has 
been reported that the drug was distributed rather equally in body water but 
that there was some binding of the drug by plasma protein (28). The rate of 
the metabolism of antipyrine, as indicated by drug disappearance, was appre- 
ciable; however, the concentration at the time of injection, assuming instantane- 
ous equal distribution, could be calculated because the rate of disappearance of 
the drug was proportional to its concentration. Two methods for the determina- 
tion of antipyrine in biological material have been outlined by Brodie et al. (2). 
The antipyrine method for the determination of body water was found to agree 
favorably with the deuterium oxide (29), specific gravity (17, 29), and desicea- 
tion (28) methods. 

The following is a report of the use of antipyrine for the determination of 
the amount of body water jn dairy calves. By the use of suitable mathematical 
factors, the body composition was calculated. Since this work provided a further 
check on the effects of aureomycin on growth promotion, feed efficiency, and con- 
trol of scours, data on these matters were collected. 
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EXPERIMENTAL PROCEDURE 


Fourteen Holstein calves, ten males and four females, were used in this experi- 
ment. The calves were individually penned, paired according to sex and body 
weight, and placed in two groups: Group I, the control, and Group II, the sup- 
plemented. The calves were left with their dams until 3 to 5 days of age, after 
which they were placed on the experiment and given a milk replacer, the compo- 
sition of which is given in Table 1. (The last four calves used in this experiment 
were allowed whole milk for 10 to 14 days.) The milk replacer was mixed with 
water in a 1:9 ratio by volume, and the mixture was fed at 10% of the body 
weight per day. Water was available to the calves at all times. After the animals 
had been on the experiment for 1 week, mixed clover and timothy hay was offered 


TABLE 1 
Composition of the milk replacer* 








Ingredients Per cent 
Dried skimmilk 50.0 
Dried brewer’s yeast 5.0 
Oat flour 25.5 
Dextrose 10.0 
Dried whey 7.0 
Stabilized vitamins A and D 0.15 
Irradiated yeast 0.025 
Mico 0.10 
Dicalcium phosphate 2.225 


100.000 





“The composition was suggested by the senior author and in nowise represents the formula 
of any commercial product. 


free choice. At this time also a calf starter (Table 2) was offered free choice 
until the calves had reached a maximum daily intake of 4 lb. For the remainder 
of the experimental period they were limited to 4 lb. daily. When the calves were 
consuming 2 Ib. of calf starter daily, the milk replacer was withdrawn at the rate 
of 1 lb. per day. The ration of Group II was supplemented with 50 mg. of aureo- 
mycin daily from Aurofaec 2A. When the calves were placed on the experiment, 
the weight, height at the withers, girth of paunch, and length from the withers 
to the pinbones of each animal were recorded. These observations were repeated 
weekly on the same day of each week at approximately 1:00 p.m. until the calves 
were 4 weeks old and at 4-week intervals thereafter until the termination of the 
experiment at 16 weeks. The incidence of scours and the daily consumption of 
milk replacer, calf starter, and hay weré recorded. 


The injections of antipyrine and withdrawals of blood for body water analysis 
were performed during the Ist, 4th, 8th, 12th, and 16th weeks of the experiment. 
The antipyrine was injected into the right jugular vein after the withdrawal of 
a blood sample, which was used to determine the blank value of the serum. The 
amount of antipyrine injected was approximately 1.5 g. per 100 lb. of live weight 
administered in 50 ml. of physiological saline solution. Blood samples were with- 
drawn from the left jugular vein at 2, 3, and 4, or 214, 314, and 414 hours post- 
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TABLE 2 
Composition of the calf starter 
Ingredients Pounds 
Cracked yellow corn 26.0 
Crimped oats °0.0 
Wheat bran 15.0 
Linseed oil meal (expeller process) 7.0 
Soybean oil meal (expeller process) 14.0 
Dried skimmilk 7.0 
500-potency B-Y dried fermentation solubles 2.0 
Irradiated yeast (standard brans type 9-F) 0.25 
Steamed bone meal 1.0 
Todized salt 0.5 
Cane molasses 7.5 
100.25 





injection. Weights of the calves were taken between the withdrawal of the first 
and second samples after injection. Neither feed nor water was allowed during 
the sampling periods. The animals were not fasted prior to injection. All sam- 
pling was done at approximately the same time of day. 

Analyses for the concentration of antipyrine in serum were made by the 
method outlined by Brodie et al. (2); however, serum was used instead of plasma. 
The percentage of total body water was calculated by the following equation : 
% total body water = 

mg. antipyrine injected 
mg. antipyrine per liter of serum water 





100 x + body weight (kg. ) 

Moulton (18) has shown the amount of water in the new-born ox to be 76% 
on a fat-free basis and to have dropped to 73.2% by the time the animal had 
reached 5 months of age. Therefore, the values 76.0, 75.4, 74.8, 74.2, and 73.6% 
were employed at 1, 4, 8, 12, and 16 weeks of age, respectively, in the following 
equation used to calculate the per cent of body fat: 

% total body water 

estimated % body water on fat-free basis 





% body fat = 100 — 


RESULTS 


The animals that received the aureomycin-supplemented ration made sig- 
nificantly more growth than the controls, as measured by increase in weight, 
height at the withers, and length from the withers to the pinbones.* The data on 
growth response are shown in Table 3. There was a significant difference in the 
consumption of hay. The intake of hay throughout the experiment was greater 
in the supplemented than in the control group. The supplemented calves con- 
sumed significantly more concentrates than the controls and reached the maxi- 
mum level allowed at an earlier age. There was a significant difference in the 
amount of feed consumed ‘per pound of gain; the feed consumption data are 
shown in Table 4. 


* Significance was tested in all cases by analysis of variance, ratio of F. 
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TABLE 3 
Growth of Holstein calves fed aureomycin compared to control calves 











Measurement Control Supplemented 
Increase in height at withers (in.) 64 < 052*° 8.6 + 0.49 
Inerease in length, withers to pins (in. ) 4.7 + @3I* 5.9 + 0.26 
Increase in circumference of paunch (in.) Ma st 1 22.5 + 0.85 
Initial body weight (/b.) 98.1 + 5.13 95.3 + 3.66 
Body weight at 16 weeks (lb.) 77 &wMa” 252.8 + 6.61 
Gain in weight per day (/b.) 107+ 0.05** 1.40 + 0.04 





* Standard error of mean. 
* Difference significant at the 5% level. 
** Difference significant at the 1% level. 


An outbreak of coccidiosis occurred in both groups; however, scouring was 
not a problem in the supplemented group. The control group averaged 7 days 
of scouring per calf compared to 1 day for the supplemented calves. 


TABLE 4 
Average daily consumption of hay and grain at various ages, and pounds of 
hay and grain consumed per pound of gain 














Hay Grain 
Age = 
Control Supplemented Control Supplemented 
(wk.) 
0-4 4 + 0.07 0.5 + 0.05 1.0 + 0.08 1.0 + 0.09 
-8 1.0 + 0.06 142+ 0.11 1.6 + 0.06 1.9 + 0.05 
8-12 1.4 + 0.08 £7 = 6.10 3.0 + 0.26 3.8 + 0.10 
12-16 LS + 0.14 2.1 + 0.10 4.0 + 0.00 4.0 + 0.00 
lb. hay/lb. gain Ib. grain/lb. gain 
1.22* 1.09 2.44* 2.16 





* Standard error of mean. 
* Difference significant at the 5% level. 


The physical appearance of the supplemented group was considerably better 
than that of the controls; a more pleasing bloom of the hair coat was noted in 
these animals. 

Because of some erratic results observed occasionally in determining body 
water by the antipyrine method, it was believed that a study should be made of 
the effect of ‘‘degree of fill’’ on values obtained by this method. Therefore, the 
last four calves (6, 7, 13, and 14) were deprived of feed and water for varying 
periods of time prior to injections of antipyrine. Results of total body water 
determinations for these calves were not ineluded in the statistical analysis 
because of the large differences between analyses that resulted from the different 
lengths of time of feed and water deprivations used at different ages. An illus- 
tration of the effect of varying the length of time of feed and water deprivation 
upon the caleulated percentage of body water is given in Table 5. 


The mean total body water of the five calves remaining in each group at 1, 
4, 8, 12, and 16 weeks of age is shown in Figure 1. The difference in the two 


groups at 16 weeks is significant at the 5% level. At all other ages the difference 
is not statistically significant. The differences between ages did not follow a 
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consistent trend. This may have been due to inadequate methods of standardiza- 
tion of the calves prior to antipyrine injections, even though the same experi- 
mental procedure was followed at each of the ages. 

The rate at which antipyrine was metabolized (Table 6) increased from the 
first week to the 12th week. The average figures for the 12th and 16th week were 
the same, 28% per hour, which may indicate a leveling off after 12 weeks of age. 


TABLE 5 
Per cent of total body water and per cent of fat determined by varying 
the period of time feed and water were withheld 





Feed and water 


No. of calves Age withheld prior Water Caleulated 





to injeetion fat 
(%) (%) 
4 16 wk. 6 hr. 62.56 + 0.64 14.96 + 0.95 


4 17 wk. 12 hr. 57.41 + 1.22 22.32 + 1.96 
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Fic. 1. Percentage of total body water and fat. 


* Level reported by Ellenberger et al. (6). 
> Level reported by Haigh et al. (8). 
° The bar length indicates the standard error of the mean of five observations. 


Mean values for per cent of fat are also shown in Figure 1. The percentage 
& : . . 
of fat was calculated from the percentage of water; therefore, the levels of 


significance are the same as for the water determinations. The control group 
consistently had more calculated fat than the supplemented group. 
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DISCUSSION 


Under the conditions of this experiment, it appears that antipyrine can be 
used to determine body composition in immature dairy animals. The procedure 
is simple, inexpensive, and rapid. It has advantages over slaughter techniques 
in eliminating the sacrifice of animals and also allowing observations at the 
beginning and throughout the experiment. The results obtained in this experi- 
ment agree fairly well with those reported by Haigh et al. (8) and Ellenberger 
et al. (6), as may be seen in Figure 1. 

[It is apparent that the method is greatly affected by the length of time from 
the last intake of feed and/or water to the time of withdrawal of blood samples 
for analysis. The percentage of water in dairy calves, as determined by the anti- 
pyrine method, was considerably lower after feed and water had been withheld 
either 6 or 12 hours than in the groups of calves that were not so treated (Table 5 


TABLE 6 
Per cent of antipyrine metabolized per hour 











Age Rate of metabolism 
(wk.) (%) 
l 2st LZ 
4 Mise 17 
8 24 + 2.4 
12 28 + 2.6 
16 28 + 2.4 





* Standard error of the mean. 


and Figure 1). The differences probably are due to the degree of fill of the 
gastrointestinal tract, but changes in tissue water levels may also have oecurred. 
The longer the period between the last feeding and watering and the use of the 
antipyrine method for water determinations, the lower the water content, which 
results in a higher caleulated level of body fat. Dependable results probably 
cannot be obtained in immature animals without employing some method of 
standardizing individuals. 

Kraybill et al. (13) withheld feed for 24 hours and water for 10 hours from 
mature cattle and concluded that the weight of the animal then approached the 
empty body weight. This procedure does not appear to be suitable for immature 
animals. Data obtained after 12 hours of feed and water deprivation are much 
below those obtained by slaughter techniques of nonfasted animals (Table 5, 
Figure 1). It is likely that there is considerable loss of tissue water when water 
and feed are withheld from immature animals for such long periods of time. 

The rate at which the antipyrine was metabolized is shown in Table 6. Kray- 
bill et al. (13) reported an average of 25% per hour in cattle, which is similar 
to the 28% found in this study with calves 12 and 16 weeks of age. The sig- 
nificant treatment difference in per cent of total body water that resulted in 


this experiment between the control and the supplemented groups may not rep- 
resent an actual difference in body tissue composition between the two groups. 
The better physical appearance, the greater increase in body measurements as 
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well as in weight and the greater circumference of the paunch in the supple- 
mented group, together with the influence that degree of fill appeared to have, 
would seem to indicate that the greater percentage of body water may represent 
a difference in degree of fill in the digestive tract, particularly the rumen. More 
work is needed. 

The circumference of the paunch of animals in the supplemented group was 
consistently larger, approaching significance. Mann eft al. (15) also noted that 
aureomycin-fed calves developed larger paunches than did control animals. The 
result of varying the period of time that feed and water were withheld, discussed 
earlier, has shown that the degree of fill may have a greater effect on the apparent 
amount of total body water than the treatment imposed in this experiment. 


SUMMARY AND CONCLUSIONS 


Fourteen Holstein calves, ten males and four females, were paired into two 
groups: Group I, the control, and Group II, the supplemented. Group I received 
a basal ration, and Group II received the same ration supplemented with 50 mg. 
of aureomycin per day. Group I] made significantly greater growth than Group I 
(1.40 lb. and 1.07 Ib. per day, respectively). Total feed consumption was sig- 
nificantly greater in Group II than in Group I (474 Ib. and 409 Ib., respectively ). 
The average total pounds of feed consumed per pound of gain was significantly 
less in the supplemented group. The incidence of scouring was significantly less 
in the aureomycin-fed group. 

Antipyrine was used for the determination of body composition. Determina- 
tions were made when the calves were 1, 4, 8, 12, and 16 weeks old. The per cent 
of total body water was significantly greater in Group II when the calves were 
16 weeks of age; the mean values were 73.08% for the supplemented group at 
this time and 70.36 for the controls. The per cent of fat, as caleulated from the 
per cent of total body water, was significantly less in Group IT. 

The following conclusions were drawn: 

Antipyrine appeared to be suitable for the determination of body composition 
in immature dairy animals, provided that the animals could be standardized as 
to degree of fill, or if the degree of fill could be caleulated rather accurately from 
body measurements. 

The composition of growth as determined by the antipyrine method, under 
the conditions of this experiment, was comparable to that reported by other 
workers using slaughter techniques. : 

Aureomycin brought about a positive growth response in dairy calves, as 
shown by increased body weight and measurements. 

Aureomycin reduced the incidence of scouring resulting from the presence 
of coceidia. 
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THE VALUE OF PELLETING THE CONCENTRATE PART OF 
THE RATION FOR LACTATING CATTLE 


H. P. ADAMS anp R. E. WARD 
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In keeping with the growing interest in coarse-textured dairy concen- 
trates, feeding trials were conducted to compare a conventional 16% protein 
mash type concentrate with the same ingredients in 1-inch pellets for milk 
and butterfat production. Twelve cows were used in the experiment. [ditor. 











In recent years the so-called coarse-textured dairy concentrate has gained 
considerable favor in the Northeast. Wilbur (6) has reported that medium finely 
ground grains are superior to either coarsely ground or pulverized grains. Olson 
(3) states that cows prefer medium ground grains to either whole grain or finely 
ground grain. The results of two trials by Colovos et al. (1) and Gibson et al. (2) 
indicated that the conventional medium textured mash ration was more digestible 
than the same ingredients in a coarse texture obtained by coarse grinding, crimp- 
ing, and flaking. These workers also report no differences in palatability even 
when grain was fed as liberally as 20 lb. per cow per day. Trials reported by 
Turk (5) have given conflicting results. In one trial crimped oats appeared to 
be more highly digested than ground oats. However, a second trial gave opposite 
results. 

The trial here reported was conducted to compare a conventional 16% protein 
mash type concentrate to the same ingredients in 14-in. pellets for milk and 
butterfat production. 


PART I 
EXPERIMENTAL PROCEDURE 


Twelve cows, six Holsteins and six Guernseys, were equally divided into two 
groups for a double reversal experiment consisting of three 50-day periods with 
no transition periods. During this trial the cows were fed grain according to 
the Eastern States Farmers’ Exchange recommendations for good forage, shown 
in Table 1. The cows were also fed chopped hay, grass silage, and corn silage. 
Observation, chemical analysis, and the fact that the cows consumed on the 
average slightly more than 2% of their body weight as hay equivalent indicate 
that the quality of the forage was good. During the trial all concentrates and 
forages fed were weighed and the feed not consumed was weighed back. The 
milking was done by machine according to a uniform procedure, and the milk was 
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TABLE 1 
Eastern States Farmers’ Exchange recommendations for feeding concentrates 
to dairy cattle producing 4% milk 





Type of Forage 








High Good Low 

Dairy milk production quality quality quality 

(lb.) (1b.) (1b.) (1b.) 
5 2 
10 2 + 
15 2 + 6 
20 3 6 9 
25 4 8 1] 
30 6 10 13 
35 8 13 15 
40) 10 15 17 
45 13 17 19 
50) 15 19 21 
DD 17 20 23 
60 20 22 24 
65 4 24 24 





weighed at each milking. Samples for butterfat testing were taken twice a 
month, and concentrate feeding was adjusted twice a month on the basis of 
production. 


RESULTS 


Both groups of cows accepted both grain rations readily. The results of the 
trial are summarized in Table 2. The significance of the differences in milk pro- 


TABLE 2 
Milk production, fat production, butterfat test, and FCM production of two groups of six 
cows during three 50-day periods in which they were fed either a mash or pelleted concentrate 





Periods 








1 2 3 Caleulated difference 
Milk production (1b.) Per. 1-2 (Per. 2) + Per. 3 
Group 1* 9,389.0 8,587.2 7,970.3 185.8 
Group 2” 11,140.2. 10,601.7 9,563.2 — 500.0 
Difference in favor of mash 685.8 
Fat production (/b.) 
Group 1] 384.68 325.14 08.27 
Group 2 $31.46 402.66 351.29 





Difference in favor of mash 


FCM production (/b.) 
Group 1 9,526.2 8,312.1 7,812.2 
Group 2 10,928.53 10,280.6 9,094.5 





Difference in favor of mash 





Butterfat tests (%) 
Group 1 4.16 3.97 4.05 + 0.27 
Group 2 3.99 3.94 3.90 + 0.01 





Difference in favor of mash 





“Group 1 fed mash-pellets-mash. 
»Group 2 fed pellets-mash-pellets. 
*P< 1%. 

“P< 5%. 
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duction, butterfat production, butterfat test, and FCM production were com- 
puted by the method of Snedecor (4). The differences in milk production and 
butterfat test were not significant. However, the difference in butterfat pro- 
duction was highly significant and the difference in FCM production was sig- 
nificant at the 5% level of probability in favor of the mash concentrate. 

Because of these results a similar trial was conducted the following vear, 
which is explained in Part IT. 


PART Il 
EXPERIMENTAL PROCEDURE 


Twelve cows, ten Holsteins and two Guernseys, were used for a double reversal 
trial consisting of three 50-day periods to compare a mash type coneentrate to 
the same concentrate as 14-in. pellets. The procedure in this trial was the same 
as that in Part I except that the cows were fed concentrate on the basis of the 
Eastern States Farmers’ Exchange recommendations for poor forage. It was 
thought that this more liberal feeding of concentrates might accentuate any 
differences between them. Because of this more liberal feeding of concentrates 
the cows consumed on the average only 1.8% of their body weights as hay equiva- 
lent. 

RESULTS 


It was found that both concentrates were accepted readily although a few 
of the higher producing cows refused to clean up all of their grain. This was 
attributed to the fact that grain was fed very liberally during this trial. The 


TABLE 3 
Milk production, fat production, butterfat test, and FCM production of two groups of six cows 
during three 50-day periods in which they were fed either a mash or pelleted concentrate 



































Periods 

] 2 3 Calculated difference 
Milk production (/b.) Per. 1-2 (Per. 2) + Per. 3 
Group 1* 15,134.0 13,253.8 11,923.8 550.2 
Group 2° 16,732.0 14,896.5 14,289.0 +1,228.0 
Difference in favor of mash — 677.8 
Fat production (/b.) 
Group 1 547.97 455.82 55.87 
Group 2 962.57 500.14 8.11 
Difference in favor of mash 47.76 
FCM production (/b.) 
Group 1 14,273.3 12,410.9 11,606.9 +1,058.4 
Group 2 15,131.3 13,868.2 13,217.7 + 612.6 
Difference in favor of mash 445.8 
Butterfat test (%) 
Group 1 3.73 3.97 0.22 
Group 2 3.49 3.62 = 0.27 
Difference in favor of mash 0.49° 





* Group 1 fed mash-pellets-mash. 
°Group 2 fed pellets-mash-pellets. 


P< 5%. 
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TABLE 4 


Milk production, fat production, butterfat test, and FCM production of two groups of twelve 
cows during three 50-day periods in which they were fed either a mash or pelleted concentrate 














Periods 

] 2 3 Calculated difference 
Milk production (/b.) Per. 1—2 (Per. 2) + Per. 3 
Group 1* 24,523.9 21,841.0 19,894.1 + 736 
Group 2” 27,872.9 25,498.2  23,852.2 + 728 
Difference in favor of mash + 8 
Fat production (1b.) 
Group 1 932.65 799.10 764.09 t 98.54 
Group 2 994.03 929.96 851.97 — 13.92 
Difference in favor of mash 112.46° 
FCM production (/b.) 
Group 1 23,793.5 20,723.0 19,419.1 +1,766.6 
Group 2 26,059.6 24,148.8 22,312.0 + 74.0 
Difference in favor of mash 1,692.64 
Butterfat test (%) 
Group 1 3.95 3.86 4.0] 7 0.24 
Group 2 3.74 3.82 3.76 —_ 0.14 
Difference in favor of mash 0.38* 





* Group 1 fed mash-pellets-mash. 
"Group 2 fed pellets-mash-pellets. 
“P<1%. 

“P< 5%. 


» 


results are shown in Table 3. The difference in butterfat test was significant. 
The differences in butterfat and FCM production, though not significant, were 
in favor of mash, as in the previous trial. The difference in milk production was 
not significant. 

Because these trials were conducted very similarly, the data were combined 
and again analyzed. The results are shown in Table 4. These combined data 
indicate that milk production is not affected by concentrate texture but that 
butterfat test, butterfat production, and FCM production are depressed sig- 
nificantly by feeding pellets. No explanation for this difference is offered. 
Palatability trials indicated that pellets and mash are equally acceptable to most 
cows. However, a few cows not used in the trials reported refused to eat pellets. 
None of the cows appeared to prefer pellets to mash. 


SUMMARY 

Two double reversal trials were conducted, each with 12 cows and three 50-day 
periods. A typical 16% protein mash concentrate was compared to the same 
concentrate as 14-in. pellets. 

The first trial indicated a significant’ difference in FCM and a highly sig- 
nificant difference in butterfat production in favor of the mash. There was no 
significant difference in milk production or butterfat test. 

The second trial indicated a significant difference in butterfat test and differ- 
ences in butterfat and FCM production in favor of the mash concentrate, but 
these differences were not significant. Also, the differences in milk production 
were not significant. 
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Because the two trials were conducted similarly and the results were in the 
same direction, the data were combined for further analysis. These results indi- 
eated a highly significant difference in butterfat production, and butterfat test 
and a significant difference in FCM production in favor of the mash concentrate. 
There was no significant difference in the total yield of milk. 

Separate palatability trials indicated that to most cows the two concentrates 
were equally acceptable. However, a few cows refused the pellets entirely. 
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The levels of lactic acid produced in the rumens of animals on various 
natural rations, the times of peak concentration, and the carbohydrates 
contributing to lactic acid production were determined. Both normal and 
fistulated steers were used. [ditor. 











Lactic acid production in the rumen has been generally considered rather 
unimportant because of failure to find significant amounts present on random 
sampling of the rumen contents. However, the fact that under certain conditions 
significant amounts have appeared suggested that this subject should be investi- 
gated further. 

Doetsch and Robinson (5) found no lactie acid in the rumen on normal 
rations. However, no information was given on the time of sampling with respect 
to feeding. They found that in vitro fermentation of glucose gave no detectable 
lactic acid at 24 hours and only small quantities at 2 hours. Gall et al. (8) found 
large amounts of lactic acid produced in the rumen on high grain rations and 
only small amounts on high roughage rations. Phillipson and MeAnally (11) 
fermented glucose in the sheep rumen and obtained large amounts of lactic acid 
simultaneously with a disappearance of glucose. This lactic acid concentration 
dropped rapidly after the complete utilization of the glucose. Starch and cellu- 
lose gave no lactic acid production in the rumen. 

Archibald (1) found concentrations of lactic acid in hay-crop silages up to 
15% expressed on a dry matter basis. Corn silages contained lesser amounts of 
lactic acid. The importance of this source of lactic acid certainly reaches sig- 
nificance when silage is the only roughage fed. 

Phillipson and MeAnally (11) noted that a rise in fatty acids was associated 
with the decrease in lactic acid. Elsden (6) fermented lactic acid in vitro to 
produce acetic, propionic, and butyric acids, with propionic acid predominating. 
Johns (9) has isolated from the rumen of sheep an organism producing acetic 
and propionic acids from lactic acid. That lactic acid and its conversion products 
may have some bearing on ketosis in dairy cattle is suggested by the successful 
use of calcium lactate by Shaw et al. (13) and sodium propionate by Schultz (12) 
for the treatment of ketosis. 

These investigations, reported earlier in abstract form (15), were designed to 
determine the levels of lactic acid produced in the rumen on various natural 
rations, the times of peak concentrations, and the carbohydrates contributing to 

& 
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lactie acid production. Information on the disappearance of lactic acid is also 


presented. 
EXPERIMENTAL PROCEDURE 


Three trials were run to determine the conditions under which lactie acid 
was produced in the rumen. These measured the effect of the level of grain, the 
effect of the source of roughage, and the effect of specific carbohydrates. 

Trial 1 measured the effect of the level of grain. Four Holstein steers weigh- 
ing about 600 Ib. each were fed four levels of grain in a 4+ by 4 experimental 
design. Therefore, each of the four steers received each grain level. They were 
fed twice daily. The basal ration of grass hay was fed to appetite and the grain 
levels were 0, 214, 5, and 714 lb. of a 16% protein mixture per day in two feed- 
ings. Rumen samples were taken just before feeding, which was called 0 hour, 
and at 14, 1, 1144, and 2 hours after feeding. A 4-week period was used after 
each change of ration before sampling. The samples were taken by suction 
through a stomach tube. 

In Trial 2 the effect of the type of roughage on lactic acid in the rumen was 
measured with the same steers and the same design. Two slight changes were 
made. The feeding period after each change of ration was reduced to 3 weeks 
and an additional sample was taken 4 hours after feeding at each sampling. The 
four roughages and the average amounts fed per day were 16 lb. of the same grass 
hay of Trial 1, 19 lb. of alfalfa hay, 24 lb. of corn silage, and 34 Ib. of hay-crop 
silage. These were fed twice daily on ad libitum feeding. The hay was consumed 
in 2 hours. All silage was consumed at 1 hour after feeding and a major portion 
was consumed in 1% hour. No grain was fed. Feeding these rations ad libitum 
gave different rates of dry matter consumption. 

These silages were analyzed for acids twice during the trial. The two values 
for corn silage were averaged to calculate the intake of acids. In the calculations 
for the hay-crop silage the first analysis was used to caleulate the intake for the 
first three periods. The second analysis was used to caleulate the intake of acids 
for the last sampling period of this trial. This method of calculation for the 
hay-crop silage seemed advisable because the quality of the silage changed 
markedly at the time of the second analysis and the last sampling period. This 
was apparently due to slower feeding from the silo and the fact that the bottom 
of the silo was being approached. The average intake of acids on a per-feeding 
basis is given for each silage in Table 2. 

In these two trials all samples were analyzed for lactie acid and the volatile 
fatty acids. Determinations for pH were made with either a model G or model N 
Beckman pH meter within 10 minutes after the sample was taken. 

Specific carbohydrates were administered through fistulas into a Holstein and 
a Jersey steer in Trial 3. The steers were fed 21% lb. of grain per day and grass 
hay ad libitum. The carbohydrates were administered in approximately 1 1. of 
water with no other feeding at that time. The last previous feeding was the 
evening before or about 15 hours before administration. A sampling under the 
previous feeding conditions but without administration of a substance was car- 
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ried out for comparison. This was called starvation. The substances administered 
and the amounts are listed in Table 3. Each substance was administered to each 
steer only once. A period of 3 days between administrations was allowed for the 
rumen to return to normal. Pyruvie acid, copper-reducing substances, lactie acid, 
fatty acids, and pH were determined on the samples. 

Copper reducing substances were determined by the method of Benedict (3) 
and expressed as glucose. Precipitation and clarification of the rumen liquor 
were accomplished by using zine hydroxide. Pyruvie acid was determined by the 
method of Friedmann and Haugen (7) with toluene extraction. Shaking was 
substituted for air mixing. Clarification and precipitation were accomplished 
by adding five volumes of 10% trichloroacetic acid to one volume of rumen liquor 
followed by adding 1 g. of Lloyds’ reagent to 10 ml. of this mixture. Lactic acid 
was determined by the method of Barker and Summerson (2). Samples for laetie 
acid determination were stored under refrigeration after mixing one volume of 
rumen liquor with one volume of 214% copper sulfate. Appropriate dilutions 
were made of this solution for analysis. Fatty acids were determined by the 
silica gel chromatographic technique of Marvel and Rands (10), as modified by 
Card (4). Lactic acid and the fatty acids in the silages were determined by the 
same methods. An aqueous extract was made by extracting approximately 60 g. 
of silage for 10 minutes in a Waring blendor. This mixture was transferred to 
a 1-1. volumetric flask and made up to volume. A sample from this mixture was 
processed and analyzed in the same manner as the rumen liquor. Statistical 
analyses of the data were made according to Snedecor (17). 

RESULTS 
The concentrations of acids produced in the rumen on the different levels of 


erain are shown in Table 1. There was generally no lactie acid in the rumen 


TABLE 1 
Effect of grain level with hay basal ration on acids in the rumen 





























Grain level Acid*® Time of sampling after feeding in hours 
a i, 1 1% 2 
(lb. per feeding) (mq. per 100 ml. of rumen liquor) 
0 Lactic 0.4 11.2 41.4 27.8 22.2 
Butyrie 97 97 97 94 96 
Propionic 95 102 115 115 102 
Acetie 285 278 276 302 275 
1.25 Lactic 5.2 54.0 45.5 57.2 28.7 
Butyrie¢ 97 88 105 117 103 
Propionic 86 90 121 120 118 
Acetie 272 254 286 293 289 
2.50 Lactie 0.3 39.3 22.9 9.5 39.4 
Butyrie 110 117 108 129 124 
Propionic 97 118 118 116 136 
Acetic 276 286 283 309 314 
3.70 Lactic € 0.2 57.7 31.5 38.6 24.5 
Butyric 127 133 129 138 122 
Propionic 95 134 115 129 123 
294 284 283 279 


Acetic 287 





“ Average acid levels of 4 steers on each grain level. 
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betore feeding. The concentration rose to a peak after feeding and started to 
decline. This peak concentration in the rumen was at 1 hour with hay alone. The 
highest concentration was at 14 hour on the grain and hay rations. The levels 
produced after feeding grain were higher than those produced after feeding hay. 
However, little relationship seemed to exist between the level of grain feeding 
and the amount of lactic acid produced. Maximum concentrations of lactic acid 
showed no significant differences. However, the concentrations were significantly 
different at 14 hour after feeding (P < 0.05 

Butyric acid showed an increase in concentration as well as an increase in 
percentage of the total fatty acids with an inerease in grain feeding. The higher 
concentration with grain feeding appeared even in the zero-hour sample. This 
apparently resulted from carry-over effects of the previous feeding. Propionic 
acid showed an increase in concentration with grain feeding but showed less 
increase than butyric acid as a percentage of the total volatile fatty acids. Acetic 
acid showed similar concentrations on all levels of grain feeding with a decrease 
as a percentage of the total fatty acids with grain feeding. 

The effeet of roughage type on the acids produced in the rumen is shown in 
Table 2. The general tendency to have no lactic acid in the rumen before feeding 
was continued. The lactic acid level in the rumen rose on both hay rations to a 
peak at 1 hour and then started to decline. The type of hay had no apparent 
effect, with grass hay producing lactie acid equivalent to that produced by the 
better quality alfalfa hay. The silages produced much higher levels of lactic acid 
in the rumen than either hay or the hay and grain rations. Much of this acid 
was introduced into the rumen as lactic acid in the silage. With this introduction 
of laetic acid, the highest concentrations in the rumen appeared at 1% hour. 
Even with concentrations rising over 200 mg. per 100 ml. at 14 hour, the concen- 
trations had dropped to insignificant amounts at the 4-hour sampling. The hay- 


TABLE 2 


Effect of roughage type on acids in the rumen with roughage as the only feed 








Time of sampling ofter feeding in hours 

















Roughage Acid 
Roughage intake Acid" intake 0 Vy ] 1% 2 
(lb. per (q.) (ig. per 100 ml. of rumen liquor) 
feeding) 

Grass hay 8 Lactic 0 0.5 8.0 21.8 20.5 16.5 55 
Butyrie 0 i3 69 6S S4 86 89 
Propionic 0 82 83 79 89 89 97 
Acetic 0 252 254 236 268 243 276 

Alfalfa hay 9.5 Lactic 0 1.4 13.5 20.2 19.0 13.4 0.5 
Butyrie 0 95 100 122 27 119 133 
Propionic 0 82 98 121 12) 123 127 
Acetic 0 260 289 351 333 350 384 

Corn silage 12 Luctie 117 0.4 142.4 8.0 1.1 3.0 $1 
Butyrie 1 97 106 120 129 126 138 
Propionic 1 97 110 131 129 130 123 
Acetic 47 213 273 258 266 270 260 

Hay-crop 17 Laetie 136 0.3 209.3 51.0 18.7 10.5 0.6 

silage Butyrie 49 76 152 162 165 167 152 
Propionic 4 94 104 153 142 138 129 
Acetie 48 267 314 328 318 323 289 





* Average acid levels of 4 steers on each roughage type. 
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crop silage ration resulted in higher concentrations in the rumen than corn silage. 
Probably mos: of this was due to the introduction of more lactic acid. The maxi- 
mum concentrations reached in the rumen with these roughages showed signifi- 
cant differences (P < 0.05). The differences in concentration at 14 hour were 
highly significant (P < 0.01). 

These roughage rations produced marked changes in the volatile fatty acids. 
Butyrie acid had the lowest concentration on grass hay. Intermediate and show- 
ing similar concentration levels were the alfalfa hay and corn silage. Feeding 
hay-crop silage resulted in the highest concentration of butyric acid. As a per- 
centage of the total fatty acids, butyric acid increased from grass hay up through 
alfalfa hay and corn silage to the highest level on hay-crop silage. Propionic 
acid, expressed as a percentage of total fatty acids, was similar, and lowest for 
the two hay rations. The two silage rations produced propionic percentages 
above those on the hay rations with corn silage producing the highest percentage. 
Propionic acid concentrations were lowest for the grass hay ration. Alfalfa hay 
and corn silage produced similar concentrations, which were above the levels 
produced on grass hay but below the levels produced on hay-crop silage. Acetic 
acid concentrations in the rumen were similar on the grass hay and corn silage 
rations. The acetic acid level in the rumen was higher on the hay-crop silage 
ration and nearly equal to the level produced on alfalfa hay. As a percentage of 

TABLE 3 


Effect of specific substances on acids in the rumen 





Administered, Time of sampling after administration in hours 
substance Amount Acid" 0 Vy 1 1% 2 3 + 





(mg. per 100 ml. of rumen liquor) 

















Starvation Lactic 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
Butyrie 125 102 107 111 100 92 94 
Propionic 107 98 98 98 90 87 84 
Acetic 321 277 284 306 279 251 254 
Glucose 1 Ib. Lactic 0.2 124.2 74.4 59.3 11.5 0.2 0.2 
Butyric 106 100 115 122 116 122 105 
Propionic 97 120 152 143 146 136 127 
Acetic 320 273 308 317 284 306 284 
Soluble 1 Ib. Lactic 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
starch Butyric 105 110 114 101 111 96 90 
Propionic 110 96 88 103 91 93 86 
Acetic 329 300 292 294 278 275 288 
Cellulose” 1 Ib. Lactic 0.2 0.2 0.2 0.2 0.2 0.2 0.2 
3utyric 98 99 95 94 117 92 113 
Propionic 104 103 94 100 106 104 113 
Acetic 290 292 280 257 301 287 312 
85% Lactic 100 ml. Lactic 0.2 138.4 58.7 38.0 334 209 12.8 
Acid Butyric 120 118 161 133 142 116 129 
Propionic 103 127 139 130 128 112 111 
Acetic 331 314 324 291 292 262 270 
Pyruvie Acid® 95 ml. Lactic 0.2 0.5 0.6 0.5 0.5 0.2 0.2 
Butyric 123 143 108 112 103 110 118 
Propionic 123 125 101 107 102 107 98 
Acetic 387 394 374 390 384 395 372 





* Average acid levels of 2 steers on each substance. 
»Solka Floc, BW 200, Brown Company, Berlin, N. H. 
° Fisher reagent A-270. 
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the total fatty acids, acetic acid was about equal on the two hay rations with a 
slightly higher percentage on grass hay. On a percentage basis, acetic acid was 
lower on silage than on hay but the silages were about equal to each other. 

Data on acid concentrations following the administration of specific carbo- 
hydrates are given in Table 3. There was no lactic acid in the samples in the 
morning when the last previous feeding was the evening before sampling. 
Glucose produced a rapid rise in lactic acid concentration in the rumen with the 
two animals showing peaks at 4% hour and 1 hour. The increase for 1 lb. of 
glucose was about half as high as with silage feeding. This rise was followed by 
a rapid decline to predosage levels by 3 hours. One lb. of starch or 1 Ib. of 
cellulose produced no increase in lactic acid level in the rumen. The concentra- 
tions from the introduction of 100 ml. of lactic acid were much slower to decline 
than those produced wita silage feeding, although they were initially no higher. 
There was no inerease in lactic acid concentration in the rumen with the adminis- 
tration of 95 ml. of pyruvie acid. 

Lactic acid administration increased the percentage of butyric acid and pro- 
pionic acid with a decrease in percentage of acetic acid. Expressed as concen- 
trations, butyric and propionic acids appeared to increase slightly. Acetic acid 
concentrations after lactic acid administration showed little change from the 
levels on starvation. With glucose administration butyric acid changed little as 
a percentage of the total fatty acids. Propionic acid increased as a percentage 
and acetie acid dropped. Glucose increased the concentration of butyric and 
propionic acids but caused little increase in acetic acid as compared to starvation. 
Starch caused no change in proportions of the acids and showed a slightly slower 
deerease in concentration than with starvation. Cellulose administration indi- 
eated some production of acids which were in the same proportions as on starva- 
tion. Pyruvie administration gave an inerease in concentration of all acids com- 
pared to starvation. Butyric and propionic acids decreased as a percentage of 
total fatty acids. Acetic acid increased markedly as a percentage of total fatty 
acids. 

Copper-reducing substances were not found in the fistulated animals sampled 
on starvation. Administered glucose gave concentrations up to 595 mg. per 
100 ml., expressed as glucose, in the Jersey, but no change was noted in the 
Holstein. The failure to find copper-reducing substances in the rumen of the 
Holstein seems paradoxical. This appears to be the exception rather than the 
normal. Starch produced an increase in copper-reducing substances with the 
peak level at 1% hour. The concentration in the Jersey rose to 9 mg. per 100 ml. 
and in the Holstein, to 27 mg. per 100 ml. In all cases the concentration dropped 
rapidly to prefeeding levels by 2 hours. Cellulose and lactic acid produced no 
change in copper-reducing substances. Pyruvie acid administration showed an 
inerease, but this appeared to be caused by pyruvic acid acting as a contaminant 


in the analytical method for copper-reducing substances. 

Pyruvie acid was not found in the rumen in amounts over 1 mg. per 100 ml. 
on starvation or with the administration of glucose, starch, cellulose, or lactic 
acid. With the administration of 95 ml. of pyruvie acid, peak concentrations of 
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58 and 54 mg. per 100 ml. occurred. Pyruvic acid disappeared from the rumen 
by 3 hours after administration. 
DISCUSSION 

Lactic acid did occur in the rumen after feeding normal rations. It rose to 
a peak in % to 1 hour and dropped rapidly to prefeeding levels below 1 mg. 
per 100 ml. The quality of hay seemed to have little effect on the level produced. 
Adding grain to the ration increased the lactic acid produced and caused the 
peak to occur earlier. Feeding silage gave the highest concentration, but this 
appeared to be from introduction rather than production in the rumen from 
carbohydrates contained in the silage. Of the carbohydrates introduced into the 
rumen, glucose was the only one to cause lactic acid production. The soluble 
carbohydrate content of the hay could be a possible explanation for the oceur- 
rence of lactic acid in the rumen on the hay ration but not with starch or 
cellulose administration. 

The slower disappearance of administered lactic acid compared to that intro- 
duced in the silages is not thoroughly understood. The lactic acid was not depoly- 
merized by refluxing before administration. It may be that the administered 
lactic acid had formed polymers which were less readily available to rumen 
bacteria than the lactic acid in silage. 

The concentrations in the rumens showed no increase with starch and cellu- 
lose administration. However, the decline in concentration after administering 
starch and cellulose was slower than the decline during starvation. Therefore, 
some production must have occurred. The percentages of the various fatty acids 
produced on starch and cellulose were similar to the percentages on starvation. 
This indicates that starch and cellulose make only a small contribution to acid 
production immediately after feeding. However, several hours after feeding they 
are the major sources of volatile fatty acids in the rumen. A failure to detect 
lactic acid concentrations on starch and cellulose does not remove lactic acid as a 
possible intermediate in the formation of the fatty acids. 

In an effort to determine the fatty acids produced from lactic acid, correla- 
tion coefficients were determined. To do this, the highest concentration of lactic 
acid was selected from each sampling series over time. If it was the last sample 
of the time series or if no significant amounts of lactic acid were produced in the 
series, it was omitted. Thirty-three comparisons satisfied these conditions. The 
concentration at the following sample in the same time series was subtracted to 
give the decrease in lactic acid. The changes in acetic, propionic,-and butyric 
acids were determined individually for the same time interval. For acetic acid 


this gave r = 0.18, which was not significant. For butyric acid, r = —0.09, which 
was not significant. For propionie acid, t = —0.48, which is highly significant 


(P < 0.01). ‘This seems to indicate that lactic acid contributes to the increase 
in propionic acid if it contributes to the formation of any fatty acids. In other 
words, a decrease in lactic acid showed a highly significant correlation with an 
increase in propionic acid. In addition, it is probable that some of the lactic acid 
disappeared by absorption through the rumen wall. Further studies are in 
progress to determine the extent of absorption through the rumen wall. 








1460 D. R. WALDO AND L. H. SCHULTZ 


Correlation coefficients between the pH and lactic acid concentrations were 
determined, as well as pH and total fatty acid correlations, on 260 samples. For 
lactic acid and pH, r=-0.33. For total fatty acids and pH, r=-0.57. Both 
of these were highly significant (P < 0.01). 


SUMMARY 


Studies were conducted to determine the occurrence of lactic acid in the rumen 
of steers fed normal rations and of fistulated steers to which specific carbohy- 
drates were administered. 

On normal rations, no lactic acid was found in the rumen before feeding. 
Concentrations rose to a peak by 1 hour after feeding and declined rapidly to 
prefeeding levels on all rations. Silage feeding gave the highest concentrations, 
presumably more from introduction than production. Grain tended to increase 
the level of lactic acid in the rumen over hay alone. 

Of the several carbohydrates administered to fistulated steers, glucose was 
the only one which produced lactic acid under the conditions of this experiment. 

Correlation analysis of the data indicated propionic acid formation from 


lactic acid. 
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Twenty-six cows were used to determine the effect of feeding concen- 
trates containing different levels of stabilized animal fat upon milk yield, 
percentage butterfat content of the milk, and composition of the butterfat 
of the cows during both the barn-feeding and the pasture-feeding periods. 
Editor. 











The value of fat in rations for dairy cows has long been a subject of experi- 
mental investigation. Most of the studies have been concerned with vegetable fat 
or fat from natural feedstuffs. The effect of feed on the amount and composition 
of cow’s milk as reported in scientific literature up to 1952 has been reviewed 
by Espe and Smith (3). 

In recent vears the subject of fat in feeds has taken on new interest with the 
finding that the use of feeds naturally high in fat or the addition of vegetable 
fat to the ration has been advantageous in studies with several classes of live- 
stock. Loosli (8), in reviewing 17 experiments in which rations containing var- 
ious levels of feed fat were tested for milk production, points out that cows fed 
high-fat rations (average 6.5% fat) produced 1.42 lb. more fat-corrected milk 
than cows fed low-fat rations (average 2.7% fat). Willey et al. (13) found 
that feeding high-fat rations (containing added cottonseed oil) to fattening 
steers increased the efficiency of feed utilization, significantly improved absorp- 
tion and utilization of dietary carotene, and brought about a marked increase 
in the level of blood fat. Marked increases in feed efficiency in the growing of 
poultry broilers have resulted when fat levels in the diet were increased (2). 

Results such as these, together with the finding that suitable treatment of 
animal fat with chemical compounds or with hydrogen will bring about stabiliza- 
tion, thus preventing rancidity (7), have opened up a new field for investigation. 
Impetus has been given to studies of the possibilities of utilizing some of the 
great surplus of inedible animal fat in the feeding of livestock. Examples of 
the successful use of stabilized animal fat are found in studies with fattening 
steers (9), poultry (2), sheep (4), and swine (11). The authors are not aware 
of any report concerning the feeding of stabilized animal fat to dairy cows. 

The purpose of this investigation was to determine the effect of feeding con- 
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eentrates containing different levels of stabilized animal fat upon milk yields, 
percentage butterfat content of the milk, and composition of the butterfat of 
dairy cows during both the barn-feeding and pasture-feeding periods. 


EXPERIMENTAL PROCEDURE 


Twenty-six cows of the Ayrshire, Brown Swiss, Holstein, and Jersey breeds 
from the University of Illinois purebred dairy herd were used. Ten cows were 
placed on trial in February during the barn-feeding season. On May 21 the cows 
were turned to pasture and were both barn and pasture fed through July, thus 
making a total of 22 weeks on trial. The cows were divided into three groups: 
a 4% group, an 8% group, and a 12% group. The group names coincided with 
the fat content of the grain mixture fed to that particular lot of cows. 

A second phase of the experiment was begun on May 21 by adding to the 
trial 16 cows that had been on pasture about 25 days. These cows were both barn 
and pasture fed until August 16, a total of 12 weeks. These cows also were di- 
vided into three groups, named the 4%, 8%, and 12%. 

The ingredients and chemical analyses of the experimental grain mixtures 
are shown in Table 1. The stabilized fat used was a dry, free-flowing, granular 


TABLE 1 


Composition of experimental grain mixtures 





Grain mixture (% fat) 











Ingredient 4 8 12 
(lb.) (1b.) (1b.) 
Shelled corn, ground 500 450 365 
Oats, ground 400 400 400 
Soybean meal 100 109.4 150 
Fat (hydrogenated tallow) * 40.6 85 
Ca P mix 9 9 9 
Salt (trace-mineralized ) 15 15 15 
A-D coneentrate 1 ] 1 
Totals 1025 1025 1025 
(%) (%) (%) 
Chemical analyses 

Dry matter 92.35 93.11 92.43 
Protein 15.04 14.95 15.80 
Ether extract 4.22 8.22 12.16 
Crude fiber 5.95 5.74 5.96 
Ash 5.12 5.25 4.64 
Nitrogen-free extract 61.96 59.94 53.93 





* Analysis of fat: vitamin A, none; protein, less than 0.03%; melting point, 47° C. 


product, which was readily mixed with the other ingredients. The supplier 


stated that the fat was hydrogenated tallow. The control grain mixture con- 
tained approximately 4% natural vegetable fat and no animal fat. The 8% grain 
mixture contained approximately 4% vegetable fat and 4% animal fat. The 12% 
mixture had about 3.5% vegetable fat and 8.5% animal fat. A mixture contain- 
ing 13.12% total ether extract was fed to only two cows in a 30-day trial. These 
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grain mixtures were fed in proportion to milk yield after making allowance for 
breed of cattle and test of milk. 

The grain mixtures were changed abruptly from the herd mixture to the ex- 
perimental mixtures without the usual gradual adjustment period. One cow re- 
fused a mixture containing animal fat and was replaced. A continuous-type 
trial was used, and there were no changes in the character of the rations except 
as noted below in connection with the roughage. 

During Phase I of the experiment the daily roughage consisted of 1 lb. of 
medium-quality alfalfa hay and 21% lb. of ‘good corn silage for each 100 Ib. of 
live weight. After pasture feeding was begun, roughage for cows in Phase I con- 
sisted of 10 lb. of corn silage daily per cow plus pasture. Cows in Phase II, for 
a period of 9 weeks, in addition te pasture received 15 lb. of corn silage daily. 
Four fields of grass-legume pasture and two fields of Sudan grass were rotation- 
ally grazed, the cows being changed to a different field every 5 to 6 days. During 
2 days when the ground was soft from rains, 10 lb. of alfalfa hay daily per cow 
was substituted for pasture. In Phase II 10 lb. of alfalfa hay per head was fed 
daily during the last 3 weeks of the trial after the silage supply was depleted. 

Daily milk weights were recorded. Butterfat percentages were determined 
by the Babeock method from 3-day samples (six milkings) from each cow every 
2 weeks. The vitamin A in the milk was determined by a modification of the 
Gallup and Hoeffer method for the determination of vitamin A in animal tissue 
(5). At the end of each 4-week period butterfat separated from 3-day samples 
of milk of each cow was analyzed by determining the saponification, iodine, and 
Reichert-Meiss] values. The iodine number, saponification, and Reichert-Meissl 
values in the fat were determined by standard methods (17). 

Blood samples from each cow were taken at 30-day intervals. Plasma caro- 
tene and vitamin A were determined by the method of Kimble (6). The color 
reaction for determining vitamin A was according to the method of Sobel and 
Werbin (72). 

Average live weights of all cows were calculated each month by weighing the 


cows on three consecutive days. 


RESULTS AND DISCUSSION 


Twenty cows received grain mixtures containing either 8% or 12% fat for 
periods of 12 to 22 weeks without developing any apparent abnormal physio- 
logical effects. Some of the cows ate the mixture containing animal fat in a hesi- 
tant manner for the first day or two but only one cow completely refused it. The 
cows fed the 8% fat mixtures consumed approximately 0.8 lb. of fat daily per 
cow, of which one-half was animal fat. The cows in the 12% group received 
daily per cow approximately 1.2 lb. of fat, of which 0.8 lb. was animal fat. Dur- 
ing a 30-day period, 1 cow consumed 14 Ib. and another 12 Ib. daily of a grain 
mixture having 13.12% fat. No ill effects were noted. No evidence of spoilage 
was noted in the grain mixtures or in the fat during 8 weeks’ storage at atmos- 


pheric temperature. 
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All 10 of the cows in Phase I gained weight, the gains ranging from 40 to 207 
lb. per cow. In Phase II, four of the 16 cows lost weight and the gains of the 
others ranged from 3 to 45 lb. Statistically there was no relation between level 
of fat in the grain mixture and gain in weight. 

The milk vields of the three groups of cows steadily declined as the barn- 
feeding period progressed. A marked rise in yield was noted when the cows were 
turned on pasture. The sharp drop during the month of July is believed to have 
been caused chiefly by high atmospheric temperatures, although advancing lac- 
tation was also a factor (Figure 1 and Table 2). The more rapid drop in yield 
of the 12% group than of the other groups was caused by the decline in vield of 
a Holstein cow from 50.6 lb. of milk (FCM) at the start to 24.7 lb. at the close 
and of a Jersey cow from 24.5 lb. to 10.2 Ib. The yields of the other cows in this 
group declined only 12.5% and 16% for the 20-week period. Any observed var- 
iations in the percentage content of milk fat appeared not to be associated with 
fat level of the diet fed (Figure 2). 
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TABLE 2 
Feed consumption and lactation performance of cows fed grain mixtures 
containing various levels of fat 











Daily yield Deeline in 
= : Daily feed consumption of milk (FCM) milk yield 
Kind of 
grain No. of Grain 
mixture cows Hay* Silage” mixture Start Close For period Weekly 
(1b.) (1b.) (lb.) (lb.) (1b.) (%) (%) 
PHASE I‘ 
4% fat 2 10.8 23.4 9.3 26.5 23.1 13 0.7 
8% fat 4 10.0 20.1 10.5 31.8 28.2 11 0.6 
12% fat 4 10.7 20.6 10.0 27.5 Ly ge | 38 1.9 
PHASE II? 
4% fat 4 9.3 15.0 10.9 47.8 30.6 36 0 
8% fat 6 9.1 15.0 10.6 39.4 24.5 38 3.2 
12% fat 6 9.0 14.9 10.4 41.1 26.4 36 3.0 





"Hay fed during the last 3 weeks in Phase II. 
» Silage fed during the first 9 weeks in Phase IT. 
° Period of 20 weeks; barn feeding only followed by barn feeding plus pasture. 


7 


* Period of 12 weeks; barn feeding plus pasture. 


The rate of decline in yield of milk during Phase II was more rapid than in 
Phase I but was similar for the three groups (Table 2). A period of unusually 
hot weather during the last few weeks of the experiment was probably respon 
sible for the severe drop in yield in all groups. 

So far as could be determined from complete records of milk and fat pro- 
duction, there were no adverse effects of animal fat feeding on milk yields. The 
data showed considerable variation in the values obtained. The samples, though 
small, when treated statistically showed no significant differences between groups 
in the amount of milk (FCM) produced, thus suggesting that the rations with 
the higher fat levels did not increase production over that of cows fed the usual 
type of ration. 

An analysis of variance failed to show a significant increase in butterfat test 
as a result of adding animal fat to the ration (Table 3). This result is in agree- 
ment with that of Wing (14), who obtained no increase in fat in milk from the 
feeding of tallow to dairy cows. If the feeding of animal fat in the Illinois trials 
helped to maintain or raise the test, this effect was obscured by the slight rise in 
test which accompanied the lowered milk yields resulting from advancing lae- 
tation, extremely hot weather, and a decline in pasture quality. 


TABLE 3 
Analysis of variance of milk-fat percentage 








Degrees Sum of Mean 
of freedom squares square 

Total 129 113.18 
Rations 2 11.36 5.680 
Dates . 12 4.29 0.359 
Rations x dates 24 1.44 0.060 
Cows within rations 7 81.89 11.690* 
Remainder 84 14.20 0.169 





* Significant at the 1% level. 
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Summary of iodine, Reichert-Meissl, and saponification values, Phase [. 


The iodine values of butterfat obtained from 3-day samples taken once a 


month gradually rose (Figure 3). 


This rise was attributed to advancing lacta- 


tion and turning to pasture but it also coincided with a rise in atmospheric tem- 


perature. The iodine number reached a peak of approximately 37 for the butter- 
fat from cows in the 4% group, 41 for the 8% group, and 36 for the 12% group. 

The Reichert-Meissl values showed little change. They ranged from a low of 
These values are well within the normal range reported by 


20 to a high of 28. 
Richmond ef al. 
16.8 to 40. 


TABLE 4 


Analysis of variance of the iodine and Reichert-Meissl numbers 


(10), who found that values of individual cows ranged from 





Degrees 


Sum of 
squares 


Mean 


square 








Sourees of freedom Todine R.M. Todine R.M. 
Total 69 4289.40 6835.88 

Rations 2 2.33 331.88 6.17 165.96 
Dates 6 845.10 50.19 140.85" 8.36 
Cows within rations 7 1591.43 44.7] 227.35" 32.47 
Rations x dates 12 270.68 2513.16 22.56 209.43” 
Remainder 42 1569.86 3495.90 37:28 832.35 





* Significant at 5% 
» Significant at 1% 


level. 
level. 
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Saponification numbers gradually declined and appeared to have the same 
general trend as the Reichert-Meissl values. Although the iodine, Reichert-Meissl, 
and saponification numbers were determined only four times during Phase II 
of the trial, the trend of each of these values was approximately the same as 
during Phase I except that the saponification numbers did not decline as rapidly 
and were more variable. An analysis of variance of the iodine and Reichert- 
Meissl numbers (Table 4) revealed no significant difference between rations, thus 
indicating that the data showed no effect of animal fat feeding on the composi- 
tion of the butterfat. 

Since carotene and vitamin A are soluble in fats, it was a matter of special 
importance to determine whether adding animal fat to the ration lowered the 
vitamin values of blood and milk. The average vitamin A content of the blood 
plasma of the cows during the barn-feeding period (February to May) in terms 
of micrograms per 100 ml. of plasma was 31, 27, and 32 for the 4%, 8%, and 
12%, fat groups, respectively (Table 5). For the same period, the average caro- 


TABLE 5 
Carotene and vitamin A content of blood plasma and milk of cows fed rations differing in 
levels of fat (Values in micrograms per 100 ml.) 





Fat groups 











4% 8% 12% 
Carotene Vit. A Carotene Vit. A Carotene Vit. A 
Blood plasma 311 31 290 27 264 32 
Milk, Phase I 33 9 28 12 39 13 
Milk, Phase II 35 16 27 18 30 17 





tene content of the plasma for the three groups in terms of micrograms per 100 
ml. of plasma was 311, 290, and 264, respectively. Statistical treatment failed 
to show the differences to be significant at the 5% level. 

The carotene and vitamin values of the milk were low during the barn-feeding 
period but rose rapidly after the cows were turned to pasture. The carotene val- 
ues climbed from a low of 9 y per 100 ml. in March to a high of 77 y in June. The 
vitamin A values were as low as 1 to 5y per 100 ml. in April and first part of 
May but reached a high of 25 to 30y in July. The differences in carotene and 
vitamin A as affected by the kind of grain mixture fed, however, were not sig- 


nificant. - 
CONCLUSIONS 


Stabilized animal fat after 8 weeks in’storage was palatable to dairy cows 
when included in grain mixtures to give levels of 8% and 12% total fat. Sta- 
bilized animal fat of the quality and at the levels used in this experiment can 
safely be fed to dairy cows during either the barn-feeding or the pasture season. 
No significant increase in yield of milk or percentage content of milk fat was 
obtained with different levels of fat feeding. No significant change in the compo- 
sition of butterfat as measured by iodine, saponification, and Reichert-Meissl num- 
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bers was found to be associated with the feeding of animal fat. The carotene and 
vitamin A values of milk and blood plasma were not significantly altered when 
the cows were consuming added animal fat in their grain mixtures. 
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TECHNICAL NOTE 


METHYL SULFIDE AND THE FLAVOR OF MILK'- 


Normal milk is deseribed as having a faint 
characteristic flavor, perhaps best defined by 
the term “cowy.” The specific compounds re- 
sponsible for this flavor have not been identi- 
fied. The flavor is generally attributed to a 
complex mixture of lower fatty acids, “acetone 
bodies,” and other regularly occurring volatile 
products (1). This communication presents 
preliminary evidence that milk contains the 
volatile product, methyl sulfide, (CHs)2S, b.p. 
38° C. This compound is evident by odor in 
the head space of a cold wall tank of milk, and 
it may contribute significantly te the charae- 
teristic flavor of milk. 

In order to recover some of the volatiles of 
milk, the exhaust gases from an air-agitated, 
1,000-gal., cold wall tank of raw whole milk 
were passed through various trapping solutions 
or over activated coconut charcoal. On the sup- 
position that methyl sulfide is present in such 
gases, a 1% aqueous HgCle solution was em- 
ployed as a trapping agent. After this solution 
was treated with exhaust air from a full tank 
of milk for several hours, a small portion of 
it was treated with an equal volume of 1 N HCl 
and warmed gently. The odor given off ap- 
peared identical with that of methyl sulfide. 
The volatile substance generated under these 
conditions from 5 1]. otf HgCl solution was 
trapped with liquid nitrogen and compared 
with authentic methyl sulfide regarding its 
behavior on a vapor phase chromatographic 
column. As shown in Figure 1, the material 
trapped by the liquid nitrogen exhibited the 
same retention time as the authentic sample. 
Moreover, the exhaust gas from the chroma- 
tography unit at maximum peak height of the 
unknown smelled distinctly of methyl sulfide. 
It has been observed further that the odorous 
volatiles from milk can be efficiently adsorbed 
on activated coconut charcoal and desorbed 
from this medium by heat. This property is 
characteristic of methyl sulfide as is the potent 
odor of the desorbed gases under these condi- 
tions. To confirm the presence of methyl sul- 
fide in the desorbed gases, they were trapped 
with liquid nitrogen, resolved by vapor phase 
chromatography under the conditions described 
above and the component with retention time 


? Authorized for publication on July 25, 1956, 
as paper No. 2078 in the Jourpal series of the 
Pennsylvania Agricultural Experimental Station. 

* Research undertaken in cooperation with the 
Quartermaster Food and Container Institute for 
the Armed Forces and assigned No. 673 in the 
series of papers approved for publication. The 
views or conclusions contained in the report are 
those of the authors and are not to be construed 
as reflecting the views or endorsements of the 
Department of Defense. 
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Fig. 1. Vapor phase chromatogram (Podbiel- 
niak Chromacon) of methyl sulfide (lower) and 
volatiles from milk trapped in HgCl solution 
(upper). Mobile phase, helium; rate, 37 ml/min.; 
nonmobile phase, dinonyl phthalate on _ celite 
(1:2); temperature 38° C. 


corresponding to that of methyl sulfide was 
trapped and analyzed in a General Electric 
analytical mass spectrometer. Although the 
mass spectrum for this component revealed con- 
tamination with CO: and water, all of the 
major mass numbers in proper ratio of mag- 
nitude for methyl sulfide were observed includ- 
ing 35, 45, 46, 47, 61, and 62. 

In an effort to convert the methyl sulfide, 
presumed to be present in the volatiles of milk, 
to a solid derivative which could be more 
easily characterized, the exhaust gases from 
the 1,000-gal. tank were passed through KMnQ. 
solution; the purpose being to oxidize any 
methyl sulfide present to the sulfone (m.p. 
110° C.). Although exhaustive ether extraction 
of the solution, freed of excess KMnQ., did 
not recover a sufficient amount of material 
for a melting point, an infrared spectrum (in 
CCk) of the ether extract residue revealed the 
three primary absorption maxima of methyl 
sulfone at 7.63, 8.74, and 10.67 yp. 

The difficulties encountered in securing suf- 
ficient methyl sulfide from milk for chemical 
identification and the extreme odor potency of 
the authentic material suggested the value of 
making flavor threshold determinations on the 
compound. For this purpose, data from five 
observers were secured. The averaged results 
are presented in Figure 2. By using the 50% 
level of positive responses, methyl sulfide ex- 
hibited a threshold concentration of approxi- 
mately 12 parts per billion in distilled water. 
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Fig. 2. Threshold determination of methyl sul- 


fide in distilled water. Averaged data from five 
observers using five presentations per concentra- 
tion per observer. 


At slightly above threshold concentration, the 
compound imparted a milk-like flavor aecord- 
ing to the taste observers; distinctly above 
threshold, the flavor was described as malty 
or cowy. 

The odor of methyl sulfide is characteristic 
not only in the volatiles from milk but of cow’s 
breath as well. This seems logical since a 
principal route of odorous materials to milk 
is through the cow’s lungs, into the blood and 
thence to the udder. Certain observations from 


the literature seem pertinent in this connection. 
Ruzicka et al. (4) have demonstrated methyl 
sulfone in cattle blood. The typical odor from 
algae undergoing bacterial decomposition is 
due to methyl sulfide (3). 


The latter investi- 





TECHNICAL NOTE 


gation used the methyl sulfide-HgCL: complex 
and its property of regeneration under acid 
conditions (2) as a means of identification. 
Regarding practical problems of flavor in 

milk and its products, the occurrence of abnor- 
mally high concentrations of methyl sulfide 
could account for certain “cowy” and feed-type 
off-flavors, whereas abnormally low amounts of 
the compound such as might be met in concen- 
trated or dried milk products may be respon- 
sible in part for the lack of so-called “fresh 
milk flavor.” 

S. Parron 

D. A. Forss 

E. A. Day 


Pennsylvania State University 
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How Can the American Dairy Science Association 
Expand Its Service to Other Associations? 


H. B. HenvEerRson 


Dairy Department, University of Georgia, Athens 


At the Past Presidents’ Dinner in connection 
with the Golden Jubilee meeting of the Ameri- 
ean Dairy Science Association a lengthy dis- 
cussion developed on the question, “How can 
the American Dairy Science Association ex- 
pand its services to other dairy associations 
and organizations?” It was concluded that the 
best answer could be obtained only from the 
other organizations concerned. Arrangements 
were made, therefore, to solicit the aid of a 
number of representative organizations in the 
dairy industry to determine what these organ- 
izations need from A.D.S.A. that they are not 
now receiving. 

It should be pointed out at this point that 
the American Dairy Science Association en- 
joys a very high prestige in the opinion of 
dairy industry leaders. In most instances, the 
survey revealed, other dairy industry organiza- 
tions have nothing but praise for the A.D.S.A. 
and its more than 2,000 members. In a few 
instances, however, it is evident that the mem- 
bers of the A.D.S.A. have not worked hard 
enough to prove their worth to the industry. 

In analyzing the data obtained from the 
survey it is easy to see that the principal 
desire of all the industry organizations is serv- 
ice. Of course, everyone recognizes that service 
costs money. Most agree, however, that for the 
money invested, more service is received from 
A.D.S.A. than from any other source. 

Following are summaries of the replies re- 
ceived from the various organizations contacted 
in the survey. In some instances quotations are 
taken from the replies. 

Here is a reply from the head of a product 
trade association in which the A.D.S.A. is be- 
ing asked to “.... help further the educational 
program in helping arrive at a definition for 
butter to be established by a standard of iden- 
tity under the Food and Drug Administration. 
I could conceive that A.D.S.A. could be of vast 
assistance in helping further this industry de- 
velopment.” 

And then from another reply from the head 
of the American Dairy Association in which 


he expresses appreciation to the leaders of 
A.D.S.A. for progress already made. He espe- 
cially pays tribute to Professor Combs for his 
work in establishing a Dairy Industry Commit- 
tee in Minnesota. In fact, this leader indicates 
that had this state committee not been estab- 
lished, there might not be an ADA today. He 
goes on to say that, “Professor Combs, in faet, 
remains today as a prime mover for ADA in 
his state. Similarly, John Nelson in Montana 
is the Exeeutive Committeeman from his state 
today as well as a key leader in A.D.S.A.” 
He believes that A.D.S.A. can help the ADA in 
these ways: 1. Appearance of leading A.D.S.A. 
figures on the program of their meetings. Past 
President Gould appeared on the program of 
the ADA annual meeting this year. 2. Par- 
ticipation of A.D.S.A. people in the ADA mar- 
ket studies. 3. ADA sponsors numerous proj- 
ects at colleges. 4. Cooperation with state dairy 
conferences. 5. ADA staff participation in the 
affairs of A.D.S.A. 

From another product association comes these 
words of praise for A.D.S.A. “. ... there is 
excellent cooperation between the two groups.” 
The writer believes, “. . . . that qualified men 
from member companies and qualified men 
from trade associations are serving on your 
various committees .... this is a step in the 
right direction, because .... the two groups 
become better acquainted and have a more aec- 
curate understanding of the problems and the 
objectives of the academic man on the one hand, 
and the man in business on the other.” He 
states further, “. we have felt flattered 
when the editors of some of our scientific 
journals have referred articles to us for re- 
view when the article pertained to the products 
in which we have great interest and concern 
; this is a very excellent idea, provided 
that trade associations do have on their staffs 
men who are competent to make a fair, reason- 
able and unprejudiced review of a paper.” 

From one of the breed associations come 
these thoughts. “. ... I think the A.D.S.A. is 
doing a grand job working with other organ- 
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izations. There always has been a very close 
relationship between the national breed record- 
ing societies and the A.D.S.A. I have only one 
suggestion,” and he says, “that is, the A.D.S.A. 
might use more of the representatives of other 
organizations on committees .... if you want 
to get the best from any individual or organiza- 
tion, put them to work—give them a job. This 
ean best be done by putting them on commit- 
tees. ... I have sensed during the past five to 
ten years there have been fewer breed associa- 
tion men active in A.D.S.A. affairs than in the 
prior ten years. This may be no fault of the 
A.D.S.A., but the fault of the breed associa- 
tion men.” 

From another breed association, however, 
came these words: “One of the matters which 
frequently comes to our attention is that deal- 
ing with the release of research information 
to dairymen. Apparently much of the good 
information which is available and would be 
helpful to dairymen and breeders is lost after 
it is once published in scientific journals such 
as the Journal of Dairy Science. 

“We were wondering if it would be possible 
for a separate committee of the A.D.S.A. to 
prepare for publication in the dairy breed 
magazines and the popular press in general, 
articles of general interest which would be 
helpful to the industry. Perhaps to this com- 
mittee could be added one or two extension 
editors who could help in the re-write work.” 

The executive officer of still another dairy 
cattle breed association offers assistance to col- 
leges by supplying data on that particular 
breed. He says, “. . . . how can the result of 
our production testing program, our type clas- 
sification program and analysis of these pro- 
grams be used more effectively by people in 
educational work? .... I feel that we probably 
have data that the dairy departments and 
people in extension work could use, and the 
same applies to other breed associations. The 
question in my mind is how and in what man- 
ner can we most effectively get this information 
to you.” 

Another trade association executive wrote a 
long letter, from which only a small part is 
used here. He says, “In any professional or- 


ganization one gets out exactly what one puts ‘ 


in. I am particularly pleased to see the 
A.D.S.A. put people from industry to work, 
and particularly people who have retired from 
industry, as H. F. Judkins.” He continues, “I 
have felt for some years that you needed offi- 
cers from industry. Dairy Science must 
bring in people from industry, and particu- 
larly, the people in the dairy trade associa- 
tions. I realize that our points of view are 
very wide, and also, that national trade asso- 
ciation individuals are a peculiar group.” But 
then he makes several specific recommendations, 
as follows: 
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1. “Dr. P. H. Tracy has done a nice job on 
‘Our Industry Today.’ I would suggest that 
he inform the trade association secretaries of 
this material and make it available to the in- 
dustry for distribution. This, I am convineed, 
would inerease the number of subscribers to 
the Journal. 

2. “At the annual meeting of the A.D.S.A., 
leaders within the industry in that area should 
be given an opportunity to become acquainted 
with the A.D.S.A. industry leaders can 
gain much from the annual meeting and it is 
not just an exchange of technical papers and 
a parade of graduate students. 

3. “A.D.S.A. could take an active part in 
some of the educational programs developed 
by the industry. A nice job is being done on 
the Dairywide Coordinating Committee on Nu- 
trition Research by Dr. R. G. Hansen of the 
University of Illinois. 

4. “. ... in the technical societies to which 
I belong there seems to be much better liaison 
between the dairy industry and members of 
their college staffs. . there is a temptation 
on the part of the dairy industry to look at 
the college staff people as being very worth- 
while, but not too important. 

5. “. . . . I have seen a number of profes- 
sional schools grow by attracting to these pro- 
fessional schools leaders in industry, as staff 
members. I have in mind one _ professional 
school in which the dean employed about seven 
men, all over 60 years of age, who had made 
noteworthy contributions in industry; these men 
acted in an advisory capacity as well as did 
some teaching. 

6. “I have been rather startled in reviewing 
F . training programs at how infrequently, 
if at all, the dairy departments, or say a com- 
mittee from the A.D.S.A., is consulted in these 
training programs. 

7. “.... ean the A.D.S.A. take a stand on 
some of the controversial matters that exist 
in the industry?” 

Another association leader had this to say: 
“Years ago we appointed a Research Commit- 
tee which worked very closely with groups from 
A.D.S.A. in outlining research projects that 
could be carried forward by the various state 
experiment stations, the results of which are 
needed in this industry. This apparently was 
very helpful to the members of A.D.S.A. as 
well as to the ice cream industry. 

“ ... Do you think it would be practical if 
A.D.S.A. had a similar committee that would 
meet at least once a year with our committee 
and discuss research, with the result that a 
report could be rendered by A.D.S.A. so that 
those in charge of the different projects 


throughout the country would receive informa- 
tion on what is needed by this industry? Please 
be frank in your reply.” 
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This association representative reports fur- 
ther, “. .. . most of my suggestions deal with 
the Journal. First of all, the current abstract- 
ing service should be continued. Recent mod- 
ernizations of the Journal’s editorial content 
unquestionably make it more attractive to in- 
dustry members. I wonder if perhaps these 
popular news features might be expanded even 
more than at present? By all means A.D.S.A. 
should attempt to run guest editorials written 
by key industry figures. 

“Of course .... we would like to see more 
reports of investigations on ice cream and re- 
latec products. There have been very few pa- 
pers on ice cream in the past few years. As a 
matter of fact, papers on manufacturing sub- 
jects in general have been deplorably low. 

“We believe that a standing committee should 
constantly review the curricula problems of our 
dairy schools. . . . We are in changing times, 
and the dynamic character of the educational 
process must lend itself to modifications to suit 
changing industry needs. 

“... The greatest single deficiency in most 
research journals .... is their failure to pre- 
pare for the busy executive and production man 
a concise evaluation and suggested application, 
if any, of research findings. The Journal al- 
ready does this in a small way in the abstracts 
but . ... perhaps a separate section in the 
Journal could be devoted to this, or maybe such 
an evaluation could follow the research paper 
proper. 

“Another suggestion ... . is to schedule more 
industry speakers on the A.D.S.A. annual 
meetings. Industry participation in their pro- 
grams would ... . afford an excellent forum 
for exchange of ideas between the commercial 
and the educational segments of our industry. 

“T would like to see closer collaboration be- 
tween A.D.S.A. and the technical activities of 
the Dairy Industry Committee. A.D.S.A. is al- 
ready working with the DIC Subcommittee on 
Edueation and Training. Further opportuni- 
ties to acquaint A.D.S.A. with industry activi- 
ties could be arranged in connection with DIC’s 
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Subcommittee on Dairy Waste, and especially 
the Sanitary Standards Subcommittee where 
participation on an advisory basis might be 
desirable. I have a feeling that A.D.S.A. mem- 
bers are not sufficiently familiar with the 3A 
program.” 

An executive of another leading dairy organ- 
ization says, “. .. . I would like to mention a 
committee which we are presently activating. 
This will be called the Committee on Research 
Needs and Applications. One of its primary 
functions, initially at least, will be to ferret 
out, so to speak, areas in milk and food sani- 
tation upon which research is needed. As re- 
search needs are disclosed, either through the 
committee or through suggestions made to it 
we would hope that research funds could be 
made available, and research facilities are avail- 
able through a number of sources for sound 
research in the environmental sanitation field 
provided a recognized group such as your as- 
sociation or ours stimulates and fosters it... . 
this is an area where collaboration and close 
liaison would be mutually beneficial.” 

Finally, an executive of one of our leading 
product associations points out with pride the 
close affiliation this association has had with 
A.D.S.A. But he emphasizes that there are 
additional possibilities for cooperation between 
the two organizations. He says, “There is a lot 
of room for additional exchange of information 
pertaining to the two associations in the various 
publications of each. This, it seems to us, 
should be utilized to the fullest extent possible.” 
He states further, “We would like to see greater 
realization of, and appreciation for, fluid milk, 
which represents better than half of the dairy 
farmer’s income. It seems rather inconsistent 
that nearly 90% of the research work being 
done by A.D.S.A. members, is on manufactur- 
ing milk.” Then he concludes by saying, “To 
facilitate all future cooperation, I have been 
appointed as official representative of this or- 
ganization to A.D.S.A. and am instructed to 
serve as liaison officer between our two or- 
ganizations.” 


The Laboratory and Milk Plant Profits 


W. A. CorpEs 
Plant Production Division, National Dairy Products Co., Inc., New York City 


The role of the laboratory in the operation 
of a milk plant and as a factor in the profit 
picture is determined very definitely by the 
views of tops management; its conception of 
the duties and value of a laboratory, and of 
the organization and program of work which 
expresses those views effectively. In some in- 
stances, management has not appreciated the 
potential value of the laboratory to operations 


and has placed severe restrictions on its physical 
lay-out, equipment and personnel. Under such 
a set-up, the laboratory work is limited to cer- 
tain routine tests which constitute a minimum 
of laboratory contribution for the necessary 
day-to-day operation of the plant. 

On the other hand, top management that 
realizes the full importance of the laboratory 
uses it as a real aid to efficient plant operation 
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and in such a manner that it makes a definite 
contribution toward maximum plant profits. 
Such a laboratory has the equipment to do the 
job, and it is adequately staffed to perform 
the tests and investigations necessary for com- 
plete and efficient quality control. It is headed 
by a quality control supervisor who 

1) has direct charge of all laboratory work; 

2) is not confined to detailed testing work 
and is, therefore, free to supervise; 
is charged with direct responsibility for 
product quality and so arranges his pro- 
gram that he personally participates in a 
daily examination of finished products; 
is directly responsible for plant house- 
keeping inspections, makes them himself 
with plant personnel, and cooperates with 
the plant superintendent in correcting de- 
tects; 
makes investigations of quality defects 
and brings about corrections; he must 
have the fundamental training in dairy 
technology to know how to proceed in 
correcting a quality defect, and he must 
initiative and resourcefulness in 
getting the job done in a minimum length 
of time; undeniably, the more practical 
experience he has had, the greater his 
ability to handle his job properly; 
has enough stature so that in large opera- 
tions he reports directly to management, 
and in the smaller operations reports to 
the plant superintendent, who is prefer- 
ably laboratory-trained and fully aware 
of the value of the laboratory to plant 
operations. 

The operation of the laboratory is related 
to plant profits in a number of ways and some 
of these may have gone unappreciated. 
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Maintaining Quality of Products at a 
Superior Level 


It is difficult to evaluate an efficient job of 
maintaining high quality products. What is it 
worth to a plant manager to know that he can 
depend on his products being among the best, 
if not the best, in his market? Can he justify 


the extra cent or two whieh he is asking for 


some of his products? He finds out what top 
quality means when one of his products hap- 
pens to slip in quality and he is flooded with 
complaints. A good quality control man seeks 
to forestall such complaints by precise know]l- 
edge of his raw materials, of his finished prod- 
uct, and of the effect of his processing pro- 
cedures on quality of products. 

Everyone in the dairy industry realizes the 
value of maintaining high quality in the raw 
milk supply. In addition to the common re- 
quirement that the milk come from clean, 
healthy cows, the milk must have been handled 
through clean, sanitized equipment. In this 


beginning latter half of the twentieth century, 





DAIRY SCIENCE 


certainly there is still a job to be done in 
bringing home to producers the merits of a 
really clean milking machine. A raw milk 
quality control program worthy of the name 
must be based on adequate receiving platform 
inspection supplemented by tests at least 
monthly for sediment and bacteria, with follow- 
up farm visits where needed. The detection of 
watering of milk has received increased atten- 
tion in recent years. 

The job that was started with the raw mate- 
rial must continue with the examination of the 
raw milk in the storage tanks. Before the milk 
is pasteurized it must be checked for flavor and 
acidity and preferably also have had direct 
microscopic count, and a final check must be 
made on its fat content. The in-process exam- 
ination continues with an examination of the 
first product bottled for flavor and acidity. 
Some large city operators insist on the submis- 
sion of a sample of the first product bottled of 
each type to the laboratory for an “okay” on 
quality of the product and fill of the container 
before proceeding with the bottling run. This 
examination can be the means of avoiding a 
great deal of trouble, such as one plant experi- 
enced when salt instead of sugar was added to 
the chocolate drink through error on the part 
of new personnel. 

The daily examination of the finished prod- 
ucts is a “must” in any efficient operation, and 
it should be made on the day of processing 
by a panel including the plant superintendent, 
quality control supervisor, laboratory person- 
nel, and the plant manager whenever he is 


available. This examination must be more criti- 
cal than that of the average consumer. Inei- 
dentally, Mr. Average Consumer is getting 


more critical himself. We need to admit de- 
feets in our own products when we find them 
and then go to work to correct them. A reeord 
of these daily examinations of the panel must 
be kept on some suitable form in order to 
evaluate the job of quality control at the end 
of the week or month and note the defects that 
have repeated themselves. Plans for attacking 
any definite problem can then be made. Some 
form of summary report for the month is 
advisable. 

We must also examine competitive products 
at intervals and be fair about it. Samples of 
our own products should be purchased in the 
stores so as to be comparative with competitors’ 
samples and all samples should be examined 
in a blind test. Sometimes such examinations 
reveal surprising results. 

A definite program of tests and analyses 
must be carried out on the finished products. 
This will necessarily vary in detail and volume 
of work done with the particular requirements 
and needs of the company. The quality control 
supervisor must keep fully informed on the 
findings of these tests and must diseuss with 
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his plant superintendent any failures to meet 
standards. Management has a function to per- 
form here and should insist on seeing a 
monthly summary report of laboratory tests 
and analyses and discussing the findings with 
the quality control supervisor and the super- 
intendent. 

Any plant manager or company president 
who has lost a valuable account because of 
high bacterial counts, high coliform counts, or 
poor keeping quality of products doesn’t have 
to be sold on the value of, and the need for, 
a well-equipped laboratory and a competent 
quality control supervisor. He knows that the 
laboratory does not “cost” so many dollars per 
month, but that it can be the means of pre- 
serving his record of high quality products 
and, therefore, his market and his profits. 


Purchase of Dairy and Nondairy 
Ingredients and Supplies 

Upon first consideration, it may be thought 
that there is little that the milk plant labora- 
tory can contribute to economy, and therefore 
to profits, in the program of purchasing in- 
gredients and supplies. However, the purchas- 
ing agent knows the value of specifications and 
realizes how the laboratory may be of help to 
him in the procurement of materials. Detailed 
specifications for all purchases are undoubtedly 
still a future aim for many milk plant purchas- 
ing departments. Some of the larger compa- 
nies may have realized already the dollars and 
cents value of such specifications. The estab- 
lishment of these must have a corollary in the 
laboratory testing or examination of each ship- 
ment of materials received, and its acceptance 
or rejection based on compliance with speci- 
fications. 

Many plants have brought about savings in 
the utilization of cleaning compounds by (a) 
selecting compounds of the correct composition 
for the particular job to be done, (b) syste- 
matic and controlled dispensing of proper 
amounts to do an adequate job for each piece 
of equipment, and (c) direct supervision of the 
clean-up job to insure proper results. The lab- 
oratory can and should play an important part 
in the control of this cleaning job and, in so 
doing, make a definite contribution to annual 
savings, and therefore, to plant profits. 


The Laboratory and Plant Fat Losses 

Many sources of plant losses must be studied 
by laboratory personnel, and when the total 
plant loss figure gets out of hand, who is better 
fitted for the job of studying the details of the 
operation and attacking the problem than the 
quality control supervisor or a member of the 
laboratory staff trained by him? It is true that 
in some large operations, the complexity of 
the problem and the intricacies of the reports 
involved have necessitated the use of special- 
ized personnel in the study of losses. The vari- 
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ous departments of the company must cooperate 
fully in studies made to locate losses. The lab- 
oratory may be concerned with the following 
phases : 


Ll. Checking test and volume or weight of in- 
coming dairy products. 

a. Sampling is a very important function of 
the laboratory and lies at the basis of proper 
accounting for fat. A great deal of work has 
heen done on sampling milk out of the weigh 
can, and many companies have learned that 
their high receiving losses were due to sampling 
by dipper from a portion of the weigh can 


that gave them a higher test than the true 
average of the entire mixed milk. Blending 


devices have been introduced into certain types 
of weigh cans, and in other cases agitators 
have been installed in an effort to produce 
uniformity of the milk prior to sampling. 
Laboratory studies made with and without agi- 
tators have demonstrated that the mere pres- 
ence of a speeding agitator on a weigh can 
is no assurance of thorough mixing. It must 
he positioned so that it produces the maximum 
mixing effect in a minimum of time. 

Laboratory training has been extended to 
milk haulers with the advent of farm tanks 
and bulk milk handling. Haulers today must 
be better trained than they formerly were, for 
they must be able to grade milk on the farm, 
accurately measure the milk in the tank, and 
take a representative sample. They must be 
quality-minded and conscientious in the per- 
formance of their duties. Experience with 
farm tanks and bulk hauling has indicated that 
the quality of the milk received has not suf- 
fered; the producer benefits through a long- 
range saving from the elimination of can prob- 
lems—their replacement cost and loss of prod- 
uct due to stickage. 

Sampling of cream purchased in cans is a 
laboratory function that should not be dele- 
gated to untrained personnel. Shipments should 


be designated in batches and sampled by 
hatches. In large shipments without batch 


numbers a composite sample consisting of at 
least 10% of the cans should be taken. Needless 
to say, each can sampled should be thoroughly 
stirred and, if sampling is done in the cold 
room, suitable sampling equipment must be 
taken into the room. A_ portable platform 
and rack provided with a can of warm water, 
a can of cold 100 p.p.m. hypochlorite solution 
if bacterial samples are to be taken, a con- 
tainer for sample bottles, and a rack for sam- 
pling dippers would appear to be adequate and 
would be an aid in proper housekeeping. The 
possibility of serious losses due to improper 
sampling of cream shipments is real; for ex- 
ample, an error of only 0.5% in test applied 
to a shipment of 100 cans of 40% cream would 
mean a loss of 41 Ib. of fat. Such losses mount 
up to respectable figures during a year’s time. 
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b. Weighing of all milk through the intake 
is the most aceurate method. Storage tanks 
must be ealibrated for volumetric measurement, 
and laboratory personnel should supervise, or 
take part in, the calibrating work. Commercial 
gauges have been both praised and condemned, 
but it appears safe to say that when they are 
properly installed, maintained and used, they 
give satisfactory service. It would seem to be 
of primary importance that milk from the 
intake, especially that from truck tanks, be 
brought to rest in a tank where it may be thor- 
oughly mixed, sampled, tested, and checked for 
quality before releasing it to the plant for 
processing, yet some plants are inadequately 
equipped to permit such a practice. The result 
is usually evident in variation in quality of the 
finished product. 


Shipments of cream are preferably checked 
by weight. Where truck tank deliveries are 
checked by volume in storage tanks, truck tank 
seales should be used oceasionally as a check 
on the gauge, weighing the truck tank both 
empty and full, preferably on a day when there 
is no precipitation and with due attention to 
the fullness of the gasoline tank. Can ship- 
ments should be checked regularly to be sure 
that full weight is received. A quarter of a 
pound short per can of 40% cream comes to 
10 lb. of fat in a shipment of 100 cans. No 
plant wants to lose this much fat. 


e. Testing of producers’ milk samples, fresh 
or composite, must be on a fair and satisfac- 
tory basis, fair to both the producer and to 
the milk plant. Testing of composite samples 
must be done under carefully standardized 
techniques, and if producers’ associations are 
also testing, cooperation must be achieved, at 
the same time protecting the interests of the 
plant. That this is an attainable goal has been 
amply demonstrated by well trained men on 
“hoth sides of the fence” operating with the 
aim of highest possible accuracy and achieving 
very good agreement. 


2. Standardization of products for fat and sol- 
ids content. 

In states and cities that permit standardiza- 
tion of milk for bottling, the laboratory has 
the direct responsibility for this operation, as 
it has for the correct fat content in creams, 
half-and-half, modified milks, chocolate drinks 
and milks, and buttermilk. Modified milks or 
skimmilks sometimes receive added solids in the 
form of condensed skimmilk or nonfat dry 
milk. When a satisfactory standard has been 
set, the laboratory must function in helping 
to set up the operation in the plant with a 
proper formula and must be equipped to test 
the finished product for solids and take care 
of the necessary reports. The failure to check- 
test standardized products before release to the 
pasteurizing department has already been men- 
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tioned as a possible source of fat losses. Cer- 
tainly in the handling of the creams the lab- 
oratory must make doubly sure that sampling 
and testing are accurately done; it is good 
practice to make duplicate tests and average 
them for the final test. Plant practices such 
as following one product with another through 
a short-time pasteurizing system must not be 
allowed to destroy the accuracy of standard- 
ization of a product, and many times the lab- 
oratory must make certain studies in the plant 
in order to determine the best procedure for 
the plant to follow. Once agreed upon, the 
procedure should be written up and made a 
part of the Plant Operating Manual. 

3. Supervision over separating operation. 

Too many times in studies of fat losses in 
milk plants it is found that the loss through 
the separators is unusually high but neverthe- 
less goes unrecognized. One of the first things 
usually done by the investigator is to test the 
skimmilk for fat. The Babeock test should 
give 0.01% fat or less for a good operation 
and too many tests of 0.02% or even higher 
are ignored. It is true that with a small batch 
of 1,000 gal. of milk going through the sep- 
arator the additional loss due to the extra 
0.01% would be only about 0.7 lb. of fat; a 
big separating operation, however, involving 
millions of pounds of milk going through the 
separators every month, would be a serious 
matter since every million pounds of skimmilk 
would mean a 100-lb. fat loss. 

Cold milk separators are sometimes speeded 
up over their rated capacity. If the tempera- 
ture of separation is then kept at a normal 
40°-45°, excess loss of fat in the skimmilk will 
occur. Therefore, these operations must be 
carefully supervised. 

Some company executives have not been kept 
informed in regard to the portion of the loss 
in a separating operation that is attributable 
solely to the error in the Babeock test on milk 
and cream. We are indebted to Hileman, Rush, 
and Moss (Journal of Dairy Science, May 
1942) for consolidating previous results with 
their own important contribution, demonstrat- 
ing that the Babcock test gives high results for 
both milk and cream as compared to the Mojon- 
nier ether extraction method, and pointing out 
that because the error is greater for milk than 
for cream a fat loss is created without regard 
to the actual fat present in the skimmilk. This 
loss inereases with increasing fat content of the 
milk skimmed and decreases with increasing 
fat content of the cream produced. For 3.7% 
milk going to the separators to produce 40% 
cream, the loss is 0.87% of the fat that went 
through the separators. For any particular 
operation the loss due solely to the error in 
the Babcock test may be estimated from Table 5 
in the paper by Hileman, Rush, and Moss. To 
this loss must be added the actual loss of fat 
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in the skimmilk, which will show 0.07% by the 
Mojonnier method when the Babcock test is 
0.01%. The actual fat loss in the skimmilk 
based on the Mojonnier test approximates 1.5% 
of the fat that went to the separators, which, 
added to the 0.87% loss in the above example 
due solely to the inherent error in the Babcock 
test, gives an approximate fat loss of 2.37% 
for the separating operation, based on the 
amount of fat that actually went to the sep- 
arators. Such losses should not be ignored in 
fat accounting work. 

4. Actual physical lesses of the 
plant. 


product in 


During his daily observations of plant opera- 
tions, the quality control supervisor is in an 
excellent position to watch for physical losses 
of products through leaky valves and fittings, 
flushing of pipe lines and vats, ete. 

5. Babcock testing equipment and techniques. 

In investigating sources of fat losses, quality 
control supervisors have not neglected to look 
under their own roofs and throw under ques- 
tion their testing equipment and techniques. 
Defects found have been varied and numerous. 
Such self-examination and appraisal on the 
part of laboratory supervisors has been healthy 
and they keep in mind that with changing 
personnel there is constant need for keeping 
before their operators the correct methods for 
all tests performed. Constant checking of 
Babcock testing techniques and equipment has 
paid off. 

6. Fat tests of the finished products. 

Throughout the bottling of products sam- 
ples are taken for tests of flavor, acidity, fat, 
and phosphatase by the laboratory, the fre- 
queney of taking samples depending upon the 
size of the operation and the length of the run. 
The record of such tests throughout a day’s 
run is valuable evidence in case any question 
arises on the quality or uniformity of the prod- 
uct. Needless to say, the fat tests on these fin- 
ished products must be performed with pre- 
cision if they are to furnish a true record. 

The fat test on homogenized milk has come 
in for a certain amount of criticism to the 
effect that it does not account for all of the 
fat in the milk that went to the homogenizers. 
Some plants have made an allowance of 0.1% 
loss in homogenizing. Careful studies have 
demonstrated, however, that if the details of the 
test with respect to the strength, amount and 
temperature of the sulfuric qcid, manner of 
addition of acid in portions, followed by thor- 
ough shaking, are carefully observed, there is 
essentially full recovery of fat. Published com- 
parisons of a number of tests of milk before 
and after homogenizing have shown averages 
of the homogenized milk to be within 0.01% 
to 0.02% of the unhomogenized. Modified Bab- 
cock tests employing the higher alcohols, such 


1477 


as butyl aleohol, must be ruled out because of 
their effect in increasing the fat test above the 
true figure. 


Role of the Laboratory in Checking 
Fill of Containers 


The laboratory of a large milk plant should, 
of course, include in its testing program an 
examination of glass bottles which will cover, 
in addition to capacity checks, several other 
items such as resistance to thermal shock, man- 
ufacturing defects, and glass distribution. Care- 
ful observance of state laws by glass bottle 
manufacturers has reduced the need for exten- 
sive checking of capacity. 

In the use of paper containers, however, we 
have a separate and distinct problem because 
they are not instruments of measure as are 
glass milk bottles. Fill control of these con- 
tainers is important from two standpoints, 
namely, (a) giving the consumer what we de- 
clare on the package and (b) product loss con- 
trol in the plant. In this respect, the milk 
dealer’s reputation is at stake and undoubtedly 
the burden of control falls on his shoulders. 
Even a cursory look at the possibilities of 
product losses will convince any dealer of the 
value of checking paper containers for fill be- 
cause it has a direct influence on losses and 
plant profits. One million quarts of milk in 
paper containers sounds like a tremendous vol- 
ume, but some of the large city milk plants 
put out this volume in 10 days or less. A loss 
of only 1/10 oz. on 1,000,000 qt. of milk 
amounts to 6,250 Ib. of milk, or 250 Ib. of fat 
based on 4% milk. Even 0.02 oz. average ex- 
cess means 1,250 lb. of milk, or 50 lb. of fat. 
We emphasize this because of the value of 
securing average figures over a definite period 
for container fill and the importance of check- 
ing average figures against filling point stand- 
ards. 

Filling of paper containers is controlled by 
volumetric and weight cheeks. Owing to stick- 
age of the product on container walls and the 
moisture absorption from the product into the 
paper board, we have not felied on the volu- 
metric as a primary method of checking; much 
of our work has been devoted to determining 
the practicability and the accuracy of weight 
checks. One of the principal considerations in 
using weight rather than volume is the varia- 
tion in weights of empty containers. A great 
deal of work has been done in a number of 
plants in checking empty container weights 
of the different paper containers. As a result 
of this work and checking with container and 
machine manufacturers, we believe that a 
method of checking fill by gross weight of 
container is practical and quite accurate. Vari- 
ations in empty weights of some makes of con- 
tainers have been greater than with the oth- 
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ers, but these variations are not of sufficient im- 
portance to detract significantly from the ae- 
euracy of the method. Checking by 
weights is convenient, more rapid than a volu- 
metrie cheek, and avoids product handling, 
salvage and waste. 


gross 


A routine weight checking program should 
be adopted for each operation; its details will 
necessarily depend on the type of operation 
and the type of container used. The quality 


control supervisor is charged with the respon- 
sibility of seeing that this program is observed 
and that records are kept of weights secured. 
When a preliminary check indicates unsatisfae- 
tory weights, the machine, of course, must be 
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adjusted and weights rechecked. The value of 
the records of weights cannot be overempha- 
sized, since they are so important in revealing 
the efficiency of the filling operation. The sig- 
nificance of such a weight record in the plant 
loss picture ean readily be seen. 


Conclusion 


If the above discussion has brought out the 
duties of the laboratory and their relation to 
plant losses, and hence to plant profits, it has 
served its purpose. The modern efficient plant 
cannot afford to be without an efficient labora- 
tory with an adequate staff trained to perform 
all tests and keep accurate records. 
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BOOK REVIEWS 


559. Reproduction and Infertility. Centen- 
nial Symposium, Michigan State University, 
East Lansing, Michigan. E. P. Reineke, Chair- 
man. 112 pp. $3.00. 1955. 

This book is a collection of the papers pre- 
sented under four main topics at a symposium 
on reproduction and infertility of farm ani- 
mals. Following the weleome by L. M. Turk, 


the papers from the symposium deal with 
reproductive infections and include: Diag- 


nosis of Reproductive Problems by C. F. Clark, 
Vibriosis by H. L. Easterbrooks, Leptospirosis 
by K. R. Reinhard, Trichomoniasis by D. E. 
Bartlett, and Biochemical Factors Influencing 
Brucellosis by I. F. Huddleson. 

The papers presented from the section of 
the symposium dealing with the physiology 
and anatomy of the testes and uterus include: 
Composition and Histochemistry of the Testes 
of Farm Animals by R. M. Melampy, The 
Chemistry and Metabolism of Sperm by D. T. 
Mayer, Tests of Semen Quality and Fertility 
by G. W. Salisbury, Histochemistry of the Fe- 
male Reproductive Tract by J. F. Sykes, and 
Gestation Mechanisms by S. R. M. Reynolds. 

From the third portion of the symposium, 
which dealt with endocrine control of repro- 
duction in the male, papers were presented 
by W. O. Nelson on Evaluation and Endocrine 
Control of Testicular Function and by F. X. 
Gassner on Reproductive Problems in Bulls. 

The last four papers deal with ova transfer 
and include: Superovulation and Ovulation by 
E. L. Willett, Synchronization of Estrous Cy- 
cles by L. C. Ulberg, The Transplantation of 
Ova from Mammals by A. E. Dracy, and Re- 
covery and Transplantation of Ova by J. D. 


Donker. N. L. VanDemark 
BUTTER « 
560. A laboratory continuous buttermaking 


machine. F. W. Woop and H. R. THornTon. 
Can. Dairy Ice Cream J., 35, 4: 48. 1956. 

A laboratory-size stainless steel continuous 
buttermaking apparatus is described and per- 
mits the continuous manufacture of butter with 
measured gas content and at controlled tem- 


peratures. The machine consists of neoprene 
molded gaskets, Teflon bearings, aluminum 
worker dise, timed chiller, shaft studs, Inconel 
chiller blades and stainless steel product con- 
tacting surfaces. A picture and drawing of the 
machine are given. H. Pyenson 


561. Some of the basic problems of the but- 
ter industry. H. Specnr, Am. Butter Inst. & 
Merchants Cry., Cincinnati, Ohio. Milk Prod. 
J., 47, 8: 22. 1956. 

The author discusses some of the basic prob- 
lems facing the butter industry today. The 
problems include the adjustment to the rapidly 
changing profit picture of the butter industry; 
grade labeling of butter in certain states; shift 
from farm separated cream to whole milk has 
resulted in marked changes in manufacturing, 
and the lack of secondary school graduates 
entering college dairy departments. 

J. J. Janzen 


562. Device for spreading butter or the like. 
F. Wasser. U. S. Patent 2,756,498. 7 claims. 
July 31, 1956. Offic. Gaz. U. S. Pat. Office, 708, 
5: 1028. 1956. 

A piece of butter, placed in a holder, is 
pressed out as pressure is applied by hand. 
As the butter is extruded it may be spread 
by moving the holder over bread, toast, ete. 

R. Whitaker 


563. Butter dispenser. A. Wickesserc. U. S. 
Patent 2,756,905. 7 claims. July 31, 1956. 
Offic. Gaz. U. S. Pat. Office, 708, 5: 1132. 
1956. 

Individual portions of butter are dispensed 
by pressing a handle which causes the butter 
to be extruded through an outlet. The con- 
sistency of the butter is controlled by means 
of an electric heating element. R. Whitaker 


CHEESE 


564. Preserving the activity of frozen cheese 
starter culture. C. K. Jouns. Can. Dairy and 
Ice Cream J., 35, 1: 32. 1956. 

Frozen storage of culture is satisfactory if 
the culture is neutralized back to the initial 
acidity of the milk before freezing. Even after 
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two months in frozen storage the neutralized 
portion showed more surviving bacteria than 
the unneutralized portion directly after freez- 
ing. Although there was a gradual reduction 
in surviving bacteria and in activity, it has 
been found that the desired degree of acidity 
is reached in the bulk starter so long as the 
count on the frozen portion of mother culture 
does not drop below 500,000 per ml. 
H. Pyenson 


565. Paraffin and micro-crystalline waxes as 
cheese coating materials, 0. R. Irvine, D. H. 
Buttock, and R. E. EmMonp. Can. Dairy and 
Iee Cream J., 34, 12: 25. 1955. 

A series of eight experimental batch pro- 
duced petroleum waxes were compared with 
two paraffin waxes and four commercial waxes 
as to their physical properties and their per- 
formance as cheddar cheese coating materials. 
Their possible utilization for coating cheese was 
assessed by: (a) determining the shrinkage 
(loss of weight) of waxes slices of cheddar 
cheese; (b) testing their resistance to fractur- 
ing by means of an impact test; (c) noting the 
occurrence of mold growth, blisters and other 
defects. In most cases the eight batch pro- 
duced waxes and microcrystalline waxes were 
superior to 133-130° F. M.P. refined paraffin 
wax in resisting fracturing, loss of weight and 
resistance to mold growth, blisters and other 
defects. H. Pyenson 


566. Plea for a new American Cheese indus- 
try. R. Mioiuis, Natl. Cheese Co., Orange- 
ville, Ill. Milk Prod. J., 47, 8: 10. 1956. 

The author discusses the plight of the Ameri- 
can Cheese industry. He suggests the establish- 
ment of trade-schools for cheese-makers as a 
first step to the improvement of existing condi- 
tions in the cheese industry. J. J. Janzen 


567. Cheese packaging. J. Incite and A. 
NAWROCKI (assignors to Swift & Co.). U.S. 
Patent 2,753,268. 3 claims. July 3, 1956. Of- 
fic. Gaz. U. S. Pat. Office, 708, 1: 177. 1956. 
Process cheese wrapped in a pliable film is 
flushed with carbon dioxide gas before sealing 
under vacuum. Absorption of the residual COs 
by the cheese increases the vacuum on stand- 
ing. R. Whitaker 


CONDENSED AND DRIED MILKS; 
BY-PRODUCTS 


568. Casein adhesive composition and lam- 
inated structure utilizing the same. W. B. 
KINNEY (assignor to The Borden Co.). U. S. 
Patent 2,754,240. 13 claims. July 10, 1956. 
Offic. Gaz. U. S. Pat. Office, 708, 2: 442. 1956. 

An adhesive for forming laminates, consist- 
ing of casein, water, an alkali and a fluorine 
compound adjusted to a pH of 6.0 or below. 

R. Whitaker 


‘Iron (assignor to U. S. of America). 
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569. Stabilized casein. A. Mozinco and H. 
SALZBERG (assignors to The Borden Co.). U. 8S. 
Patent 2,757,171. 4 claims. July 31, 1956. 
Offie. Gaz. U. S. Pat. Office, 708, 5: 1193. 1956. 

An aqueous solution of casein is protected 
against putrefaction by acidifying and adding 
an inorganic chloride and hydrogen peroxide. 


R. Whitaker 


570. Precipitation of proteins. R. Henperr- 
son and R. J. BLock (assignors to The Borden 


Co.). U. S. Patent 2,754,292. 6 claims. July 
10, 1956. Offie. Gaz. U. S. Pat. Office, 708, 2: 
452. 1956. 

The protein of whey is precipitated by 


adding a soluble ferrous iron salt on the acid 
side, then converting, with an oxidizing agent, 
the ferrous iron to the ferric and separating the 
precipitate. R. Whitaker 


DAIRY BACTERIOLOGY 
Rumen microbiology. Kinetics of mi- 
R. E. 
Publie 
J. Agr. 


571. 
crobial activity in the bovine rumen. 
HuncGate, Dept. of Bacteriol. and 
Health, State Coll. of Wash., Pullman. 
Food Chem., 4, 701. 1956. 

Rates of microbial processes in the rumen are 
rapid, and many can be measured manomet- 
rically. Rates during in vitro ineubation can 
be extrapolated to the rumen if experimental 
procedures are suitably selected. Microbial ac- 
tivity in the intact animal can be estimated 
from total methane, if the ratio of methane to 
other products is determined in parallel in vitro 
experiments. The carbon dioxide from the 
rumen fermentation can be calculated and the 
observed R.Q. of the animal corrected by this 
amount. The volatile acids supplied the host 
ean also be estimated in the intact animal. On 
the assumption that the rate of fermentation is 
roughly proportional to the total microbial 
protoplasm, the rates of fermentation before 
and after incubation can be used to estimate 
rumen synthesis. The efficacies of added feed 
constituents in promoting synthesis can be com- 
pared. S. Patton 


572. Process for the microbiological synthe- 
sis of vitamin By active substances. A. Lev- 
wi. & 
Patent 2,753,289. 5 claims. July 3, 1956. Of- 
fic. Gaz. U. S. Pat. Office, 708, 1: 181. 1956. 
Vitamin Bz is produced by growing a mixed 
culture of propionibacteria and lactobacilli in 
a culture medium containing lactose and cobalt 
chloride. R. Whitaker 
How to control 


573. Cold-loving bacteria. 


them. W. A. Haprie.p, Penn. Salt Mfg. Co., 
Philadelphia. Sou. Dairy Prod. J., 59, 6: 30. 
1956. 

Psychrophilie baeteria which grow at temper- 
atures below 60° F. may cause high bacteria 
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counts and several off-flavors in milk and its 
products. Soil and water are the common 
sourees of contamination. Growth is much more 
rapid at 45°-50° F. than below 40° F. Psyero- 
philes may be killed by pasteurization or on 
equipment by approved methods of sanitizing 
with available chlorine. They may be killed in 
water by treating it with 5-10 p.p.m. of avail- 
able chlorine. F. W. Bennett 
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574. Milk analysis. Direct microdetermina- 
tion of calcium in milk. J. R. Marier and 
M. A. Bouter, Div. of Applied Biol., Natl. 
Research Lab., Ottawa, Canada. J. Agr. Food 
Chem., 4, 720. 1956. 

A turbidimetric potassium oleate method for 
the direct determination of calcium in milk and 
milk serum is described. Samples containing 
from 40 to 100 y of calcium are conveniently 
analyzed in the colorimeter tubes, and the tur- 
bidity developed can be measured from 20 to 
60 minutes after addition of the reagent. The 
coefficient of variability of single determina- 
tions on standard calcium solutions was = 
3.2%. Analysis of various milk samples gave 
values averaging 0.8% above those obtained by 
a permanganate titration method. S. Patton 


575. Report on vitamin D. L. FriepmMan, 
F.D.A., Wash. 25, D. C. J. Assoe. Offic. Agr. 
Chemists, 39, 1: 141. 1956. 

A collaborative study to determine the value 
of saponification showed that: (1) Samples of 
milk containing only 40% of their claimed 
potency of vitamin D will be below claim by 
the present A.O.A.C. procedure as well as by 
the saponification procedures. (2) Milk sam- 
ples containing 60% of their claimed potency 
will fail the A.O.A.C. assay more often if they 
are saponified. (3) Samples containing all of 
the vitamin D claimed will pass the A.O.A.C. 
test at least 95% of the time. F. J. Babel 


576. Report on carotene. F. W. QuacKeEN- 
BUSH, Purdue Univ., Lafayette, Ind., J. Assoc. 
Offic. Agr. Chemists, 39, 1: 139. 1956. 

The addition of fat to alfalfa meals increased 
the variation between replicates and tended to 
give slightly higher results. However, the ef- 
fects were not great enough to warrant the 
introduction of saponification., Of more than 
20 samples of lime tested, none gave satisfac- 
tory separation of B-carotene isomers. A stable 
solution of carotene in mineral oil was sent to 
109 laboratories to check on instrument calibra- 
tion. The values reported on the solution 
ranged from 35.4 to 55.2 mg/Ilb. (average 43.7; 
standard deviation 3.2; coefficient of variation 
7.3%). F. J. Babel 
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577. A survey of United States butterfat 
constants. I. Reichert-Meissl, Polenske, and 
refractive index values. V. L. ZeHREN and 
H. C, Jackson, Univ. of Wis., Madison. J. 
Assoe. Offie. Agr. Chemists, 39, 1: 194. 1956. 
Reichert-Meissl, Polenske, and refractive in- 
dex values were determined monthly for one 
year on butterfat obtained from 42 sources 
representing 25 states. The monthly variation 
of the av. fat constant values was different for 
the individual areas. The av. maximum Reich- 
ert-Meiss!l and Polenske numbers generally oc- 
curred during the laté winter. The av. maxi- 
mum refractive index values oceurred during 
mid-summer. The av. minimum Reichert-Meissl 
and Polenske numbers generally occurred dur- 
ing mid-summer while the minimum of the 
refractive index occurred during late winter. 
The Mountain region was the only geographical 
area which showed highly significant varia- 
tions for all three butterfat constant values 
among 5 locations. The Reichert-Meissl and 
Polenske numbers generally showed highly sig- 
nificant variations among geographical areas 
for the different months. The Reichert-Meissl, 
Polenske, and refractive index values ranged 
from 24.24 to 33.55, 1.12 to 2.95, and 1.4531 
to 1.4557, respectively. F. J. Babel 


578. Changes in official methods of analysis 
made at the sixty-ninth annual meeting, Oct. 
10, 11, and 12, 1955. J. Assoe. Office. Agr. 
Chemists, 39, 1: 81 and 111. 1956. 


A method for the determination of butyrie 
acid in dairy products was adopted as first 
action. The method is outlined in detail and 
gives a description of the apparatus, reagents, 
preparation of fatty acid solution and chroma- 
tographie column, chromatography of fatty 
acids, and titration of fatty acid fractions. 

The official method for the determination of 
vitamin D in milk was revised and the revised 
method was adopted as first action. Revision 
of the method involved largely saponification 
of the sample, the assay period, and the stain- 
ing procedure in connection with the line test. 

F. J. Babel 
579. Comparison of the phasic and chroma- 
tographic methods for the analysis of caro- 
tene in dehydrated alfalfa. R. A. Morrirr 
and J. W. Ment, Univ. of 8. Calif. J. Assoe. 
Offic. Agr. Chemists, 39, 1: 255. 1956. 

The carotene solution from the phasic method 
for determination of -carotene in alfalfa con- 
tains no pigments other than £-carotene which 
are eluted from the MgO-Supercel column 
with 13% acetone as in the A.O.A.C. chroma- 
tographic method. It does, however, contain 
pigments which remain on the column and are 
responsible for the higher values given by the 
phasic method. These pigments have been iden- 
tified as (a) xanthophylls which are not re- 
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moved completely by the phasic separation; 
(b) zeaxanthin or zeaxanthin-like pigments 
from fresh alfalfa; and (c¢) neo-8-carotene B 
and neo-8-carotene U from dehydrated alfalfa. 


F. J. Babel 


580. The role of chemistry in the control of 
quality in dairy products. F. Hinuic, F.D.A., 
Wash., D. C. J. Assoe. Offic. Agr. Chemists, 
39, 1: 49. 1956. 

Some of the basic studies involved in the 
establishment of control procedures are dis- 
eussed in connection with malted milk, non-fat 
dry milk solids, and butter. The development 
of tests for detection of neutralization and 
citrie acid are mentioned also. The paper con- 
stitutes the 1955 American Chemical Society 
Borden Award Address. F. J. Babel 


581. A survey of United States butterfat 
constants. II. Butyric acid. M. Kerenery, 
Univ. of Md., College Park. J. Assoe. Offic. 
Agr. Chemists, 39, 1: 212. 1956. 

A chromatographic method is outlined in 
detail for determining the butyric acid content 
of fat. Five hundred samples of butterfat were 
analyzed for butyrie acid as part of a survey 
of United States butterfat constants. The 
range of butyric acid values was 9.6 to 11.3 
M%. The arithmetic mean was 10.41 M% and 
the standard deviation 0.30 M% butyric acid. 
Data indicated that the butyrie acid method is 
much more precise for detecting butterfat 
adulteration than the Reichert-Meissl method. 

F. J. Babel 


582. Determination of butterfat content of 
milk products. R. L. Barcuezor. U. S. Patent 
2,752,815. 7 claims. July 3, 1956. Offie. Gaz. 
U. S. Pat. Office, 708, 1: 63. 1956. 

A method of determining the butterfat con- 
tent of milk is described which is based on the 
amount of light transmitted through a thin 
layer of the milk which has been so treated to 
reduce the mean diameter of the fat globules 
to not over 4 microns. R. Whitaker 


DAIRY PLANT MANAGEMENT 
AND ECONOMICS 


583. Milk packaging in smaller plants. C. O. 
Davis. Milk Plant Monthly, 45, 7: 14. 1956. 

A survey recently completed by Milk Plant 
Monthly revealed present-day trends in me- 
dium-sized plant wholesale and retail milk 
packaging. Eighty milk plants averaging 10 
routes in size, located in all parts of the coun- 
try were studied. They averaged two whole- 
sale, six retail, and two mixed routes. Among 
the group was one gal. jug plant, seven plants 
operating retail only, and two plants operating 
wholesale only. The largest plant had 28 


routes and several two and three route plants 
were included. The survey can be summarized 
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as follows: (1) 38% of the plant’s milk is being 
sold to wholesale outlets, an increase of 4% in 
five years. (2) These plants are selling 75% 
of their retail milk in glass, and 77% of their 


wholesale milk in paper. (3) There is great 
variation in the method of packaging, some 
plants using pre-formed cartons, some flats, 


while many have part or all of their paper milk 
packaged elsewhere. (4) A 25-unit per minute 
filler, one-man operated, completely converti- 
ble, at reasonable price, is the operator’s dream. 
(5) Package standardization is a long way off. 


C. J. Babeock 


584. Multi-vitamin milk pays off at Hygeia 
in Harlingen, Texas. F. M. Aupripge, Jr., Vi- 
tex Laboratories. Sou. Dairy Prod. J., 60, 1: 
18. 1956. 

In two years since May 1954, Hygeia Dairy 
Co. inereased its monthly milk sales an aver- 
age of 18.8%. This was accomplished through 
grocery and market demonstrations and house- 
to-house solicitations, stimulated by prizes to 
route men and featuring the introduction of 
multi-vitamin milk. Multi-vitamin milk ae- 
counted for 69% of the increase in sales and 
sold at a premium of 2¢/qt. F. W. Bennett 


585. Milk industry foundation president out- 
lines objectives to expand market. C. R. 
Brock, Sou. Dairy Prod. J., 60, 1: 126. 1956. 

Effort should be made to eliminate under- 
consumption of milk rather than talk milk sur- 
plus. Consumers should be made to under- 
stand that the school milk program is subsi- 
dized and that the prices paid for milk do not 
represent its full value. Efforts should be di- 
rected toward a product of prime flavor, pro- 
tected in handling, and emphasize that milk 
fiits into the easy-to-fix food trend. More 
thought should be given to advertising milk 
rather than brand. New and improved prod- 
ucts which will be acceptable to consumers 
should be provided. Research activities toward 
these and improved methods should be sup- 
ported. Milk producers should be helped to 
understand the processing and distribution of 
milk. There should be mutual understanding 
and cooperation between producers and dis- 
tributors to the advantage of all. 


F. W. Bennett 


586. Consumption of dairy products shows 
increase. H. C. Krigsen. Sou. Dairy Prod. J., 
60, 2: 30. 1956. 

Per capital consumption of dairy products 
in the U. S. rose to 700 lb. milk equivalent in 
1955, the highest since 1951. The gain is at- 
tributed to growing consumer incomes, some 
lower prices for dairy items, promotional ac- 
tivities, and government distribution programs. 
A declining demand for fat has depressed the 
per capita consumption of products containing 
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milk fat while the per capita consumption of 
solids-not-fat in dairy products is at a record 
high. Consumption of ice cream and cheese is 
relatively high. F. W. Bennett 


587. Can the small dairy survive? H. H. 
WitkowskgE, Univ. of Fla., Gainsville. Sou. 
Dairy Prod. J., 60, 2: 32. 1956. 

Dairy plants are following the general trend 
of industry toward larger size through consol- 
idation. Some of the important reasons for 
small independent plants going out of business 
or merging are lack of adequate capital, poor 
management, old age of owners, and attractive 
offers from larger competitors. Equal or su- 
perior quality of products, comparable service, 
and efficient management should enable any 
small dairy plant to withstand any competi- 
tion. The local independent plant has advan- 
tages in community pride, goodwill which may 
be generated by all members and employees of 
the firm being local citizens, and the manage- 
ment being more direct or less unwieldy. 


F. W. Bennett 


588. The why of 3-A standards. J. Mar- 
sHALL. Milk Plant Monthly, 45, 7: 19. 1956. 
3-A Standards have increased usable length 
of dairy equipment, interchangeability of 
equipment within the industry, creation of a 
nationally accepted standard, reduction in op- 
erating costs and standards for self-inspection. 
For the fabricator, they have increased the 
knowledge of acceptable design and acceptable 
materials. They have brought about reduction 
in dies, tools, patterns, ete., and stimulated in- 
vention design and construction. For the sani- 
tarian, they have minimized confusion as to 
what constitutes sanitary design and construc- 
tion. C. J. Babcock 


589. Quantity discounts. G. E. NeEELEY, Sou. 
Dairy Prod. J., 60, 2: 114. 1956. 

Dairy operators in 25 cities in 13 states who 
had experience with retail quantity discount 
pricing were surveyed for an evaluation of 
the plans. The majority of the operators re- 
ported that the plans work satisfactorily, have 
helped keep retail trade and helped increase 
retail business. They recommend the installa- 
tion of such plans where not already in use, 
were not aware of any resentment by whole- 
sale customers, and stated that this method of 
pricing was versatile in counteracting rising 
costs and meeting changing conditions. 


i’ W. Bennett 


590. Keeping farm bulk tanks on the level. 
Anon. Milk Dealer, 45, 10: 55. 1956. 

It is to the benefit of producers and dairies 
that the highest degree of aceuracy should be 
obtained in getting true readings from farm 
bulk tanks. The largest reason for inaccuracies 
is due to tanks being out of level. A tank lev- 
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eler consisting of a measuring probe mounted 
on a trinagular-shaped base which fits onto the 
corners of a farm bulk tank is deseribed. It 
can check the level of a producer’s tank in five 
minutes. C. J. Babeock 


591. 
JOHNSON. 
44. 1956. 

In determining whether a plant should be 
one story or more, technological factors, con- 
struction problems, operating requirements, and 
should be considered. The number of 
stories alone is not a conclusive factor regard- 
ing building costs. Other requirements create 
considerably different construction costs. To 
date they vary from $12 to $18 per sq. ft. 
depending upon size, location, simplicity of 
design, and quality of materials. 

C. J. Babeock 


Single or multilevel plant design. G. R. 
Chicago, Ill. Milk Dealer, 45, 10: 


costs 


592. The new home milk dispenser. J. WrsEr, 
Univ. of Idaho, Moscow. Milk Dealer, 45, 10: 
50. 1956. 

Data are presented indicating that the mest 
effective way to promote the home milk dis- 
penser is for the dairy to install the machines 
at no cost to the consumer and continue to 
charge the same price for milk in three gal. 
cans as it now charges on a qt. basis. To per- 
suade customers to purchase dispensers them- 
selves an appreciable savings in the price of 
milk in dispenser cans is necessary. 


C. J. Babcock 


593. Salesmen and/or teamsters. I. DeAr- 
MonD. Milk Dealer, 45, 10: 86. 1956. 
Unionization of routemen tends to produce 
more drivers, fewer salesmen. Milk route sales- 
men are more than 50% organized in the coun- 
try as a whole. Dealing with unions has become 
a management function as essential as cus- 
tomer relations and government contacts. There 
is no reason why dairy management cannot 
match the bargaining skill of the union boys 
to prevent further tying of its hands with un- 
economic and foolish restrictions not in the 
long-run interest of either routemen or man- 
agement. _C. J. Babeock 


594. Group insurance for dairy plants. F. 
THompson, Minn. Cry. Operators’ and Mana- 
gers’ Assoc., St. Paul, Minn. Milk Prod. J., 
7, 8: 20. 1956. 

The author discusses the need for group in- 
surance for dairy plants. In order to compete 
with other industries the need for group insur- 
ance programs has become acute. Such a pro- 
gram helps to attract and hold gc od employees. 

J. J. Janzen 


595. Automatic merchandising of dairy prod- 
ucts. II. E. E. Brown, C. D. Evans, and R. J. 
Topp, Clemson College, Clemson, S. C. Sou. 
Dairy Prod. J., 59, 3: 30. 1956. 
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Fairs and summer youth camps were profita- 
ble locations for automatic milk vending ma- 
chines. Sales at a farmers’ market were rela- 
tively high on a year-round basis. Neighbor- 
hood parks with little organized activities, a 
swimming pool area with an attendance of 125 
per day, and an office building containing a 
snack bar and near drug stores and restaurants 
were unprofitable locations. Chocolate milk 
outsold plain milk. Buttermilk was a_ poor 
seller. Orange drink was variable but generally 
replaced a similar volume of milk. 

F. W. Bennett 


596. Things to consider in building future 
markets. P. H. Tracy, Univ. of Ill, Urbana. 
Sou. Dairy Prod. J., 59, 5: 156. 1956. 

As our population increases there will be an 
increasing number of potential dairy custom- 
ers. However, serious consideration should be 
given to increasing per-capita consumption of 
milk solids. Things deserving consideration are 
a taste satisfactory to the consumer, longer 
shelf life, more attractive packages, greater 
availability and more uses, more freedom from 
governmental regulation, increased efficiency in 
both production and processing, more effective 
merchandising, continued emphasis upon con- 
venience of the product and improved public 
relations. F. W. Bennett 


597. Merchandising dairy products. II. 
Wholesale routes. R. McNamara, Sealright 
Co., Ine., Fulton, N. Y. Sou. Dairy Prod. J., 
59, 5: 32. 1956. 

Valuable aids in competing with an increas- 
ing number of brands of food in grocery 
stores are more display of packages, tie-in sales, 
promotional ideas in displays, dramatic action, 
and change in package design or color. 


F. W. Bennett 


598. Five ways to reduce delivery costs of 
dairy products. B. Putnam, Hiland Dairy 
Co., Springfield, Mo. Sou. Dairy Prod. J., 59, 
5: 30. 1956. 

Delivery costs have been reduced by supply- 
ing and receiving information on new and dis- 
continued customers through a credit exchange; 
using refrigerated retail delivery trucks; en- 
larging routes; employing a minimum of super- 
visory and relief personnel and making fewer 
deliveries per week. F. W. Bennett 


599. Costing skimmilk and butterfat. L. F. 
HERMANN, Agr. Marketing Serv., U.S.D.A. 
Sou. Dairy Prod. J., 59, 4: 98. 1956. 

Some current formulas for pricing skimmilk 
and fat are reviewed and discussed. All of the 


factors in skimmilk and butterfat values prob- 
ably need not be included in pricing formulas 
but everyone should be aware of them and 
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their influence on milk values. Pricing plans 
which favor the costing of skimmilk and but- 
terfat simply and in close agreement with 
market values are recommended. 


F. W. Bennett 


600. Personnel administration. E. L. TuRNER, 
Jr., Turner Dairies Ine., Anniston, Ala. Sou. 
Dairy Prod. J., 59, 4: 26. 1956. 

A good foundation for personnel administra- 
tion includes high standards for employees 
based upon education, experience, physical con- 


dition, and family relations; competitive and 
adequate wages; well-trained, competent and 


respected foreman-middle-management group; 
clearly written statement of policies on em- 
ployee-management relationships and a regular 
check-up on morale in the organization. The 
employee should be shown a good future in 
the company. The management should lead, 
not follow, in dealing with personnel matters. 
A sincere interest in the welfare of the em- 
ployees should be demonstrated. Long range 
planning for the whole organization is essen- 
tial to greatest success. The dairy industry 
must work toward a five-day week along with 
other industries. F. W. Bennett 


Let’s make them presents of their own 
Van Buskirk, Ill. Dairy 
Dairy Prod. J., 59, 6: 20. 


601. 
property. M. G. 
Prod. Assn. Sou. 
1956. 
Interference of a paternalistic government 
in the affairs of its citizens, such as the enact- 
ment of Social Security, has the power to 
bring about the economic and moral downfall 
of the nation. The only source of such funds 
is increased taxes. Largesse will be requested 
by lazy, selfish, careless, misinformed men but 
no one has any right to grant it, least of all a 
government official. F. W. Bennett 


602. Defoamer. J. Warp (assignor to Safe- 
way Stores, Ine.). U. S. Patent 2,753,098. 5 
claims. July 3, 1956. Offie. Gaz. U. S. Pat. 
Office, 708, 1: 136. 1956. 

Foam is withdrawn from the milk in paper 
cartons by suction prior to sealing. After 
breaking the foam the liquid milk is returned 
te the milk supply tank. R. Whitaker 


603. Flavored drinking straw machine and 
method. S. Rapin and M. ScisoreK (assign- 
ors of one-third to J. Bayard, one-third to 
S. Rabin and one-third to M. Seisorek.) U. S. 
Patent 2,753,267. 11 claims. July 3, 1956. 
Oftie. U. S. Pat. Office, 708, 1: 177. 1956. 

A water soluble flavoring material in strip 
form is placed in a straw. Milk or other liquid 
drawn through the straw dissolves a sufficient 
quantity of the flavor to flavor the drink. 

R. Whitaker 
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604. Wire holder for fiber milk bottles. D. 
MatcouM (assignor to Latex Lab., Ine.). U.S. 
Patent 2,755,977. 2 claims. July 24, 1956. 
Offic. Gaz. U. S. Pat. Office, 708, 4: 896. 1956. 
A earrier, made of wire, for milk packaged 
in paper bottles is described. R. Whitaker 


605. Milk crate. C. Hitz. U. S. Patent 
2,756,896. 8 claims. July 31, 1956. Office. Gaz. 
U. S. Pat. Office, 708, 5: 1130. 1956. 

A wire milk erate is deseribed. R. Whitaker 


606. Pouring holders for milk cartons. J. 
Pun.. U. S. Patent 2,757,034. 12 claims. 


July 31, 1956. Offie. Gaz. U. S. Pat. Office, 
708, 5: 1165. 1956. 
Pure-pak milk containers are held in a 


frame equipped with a handle for ease in 
pouring. R. Whitaker 
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607. Pesticides in animal feeds. Effects of 
feeding dieldrin- and heptachlor-treated al- 
falfa hay to dairy cows. J. R. Harris, G. E. 
SropparD, G. Q. Bateman, J. L. Supe, D. A. 
GREENWOOD, L. E. Harris, T. L. BAHLER, and 
F. V. Lieperman. Utah Agr. Expt. Sta., Lo- 
gan. J. Agr. Food Chem., 4: 694-696. 1956. 
Eight dairy cows were fed alfalfa hay 
treated with either heptachlor or dieldrin and 
feeding trials were conducted for 112 days, 
during which milk samples were taken weekly. 
A small amount of dieldrin was found in the 
milk and a considerable amount in the butter 
from cows fed hay treated with 1 and 4 oz. of 
dieldrin per acre. No heptachlor was excreted 
in the milk. Heptachlor epoxide was found in 
milk and butter from cows fed hay treated with 
4 oz. of heptachlor per acre. There was no 
detectable effect on milk production, feed con- 
sumption, or health of cows. Histological ex- 
amination of kidney, liver, musele, and fat tis- 
sue showed no abnormalities associated with 
insecticide treatment. S. Patton 


608. Ruminant feed containing ammonium 
formate. [. BeLasco (assignor to E. I. du 
Pont de Nemours & Co.). U. S. Patent 2,755,- 
187. 3 claims. July 17, 1956. Office. Gaz. U.S. 
Pat. Office, 708, 3: 688. 1956. 

An animal feed for ruminants consisting of 
carbohydrates and proteins fortified with am- 
monium formate as a supplementary source of 
nitrogen. R. Whitaker 


HERD MANAGEMENT 


609. The “hot side” of the subject: quality. 
L. L. Hunt, Pet Milk Co., St. Louis, Mo. Sou. 
Dairy Prod. J., 59, 6: 40. 1956. 

Because of the relatively high labor require- 
ments of dairying, the number of farmers milk- 
ing cows has decreased more in the last five 
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years than production per farm has increased. 
Elevated-stall milking, loafing sheds, self-feed- 
ing silos and semi-self-feeding hay sheds have 
reduced labor requirements to the extent that 
the numbers of cows milked in areas served 
by the author’s company in several states has 
increased from 24% to more than 100%. The 
shed, milk house and milking parlor can be 
built for less than $200 per cow. Labor can 
be cut in half, dairying made more pleasant 
and easier, disease in the cattle reduced and 
the quality of the milk improved greatly. 


F. W. Bennett 


610. Automatic door control for milking 
barns. C. Huner. U. 8S. Patent 2,755,080. 9 
claims. July 17, 1956. Office. Gaz. U. S. Pat. 
Office, 708, 3: 663. 1956. 

A vacuum operated piston type control which 
automatically opens the barn door to permit a 
cow to enter and closes the door immediately 
after the passage of the animal. R. Whitaker 


611. Lever operated multiple stanchion re- 
lease. A. StamMet. U. S. Patent 2,754,803. 
4 claims. July 17, 1956. Offic. Gaz. U. S. Pat. 
Office, 708, 3: 593. 1956. 

The yokes on a row of cow stalls are manipu- 
lated by one lever at the end of the row. 


R. Whitaker 


612. Strip cup for detecting the presence of 
garget or mastitis in the udder of a milk cow. 
M. JoHnson. U.S. Patent 2,754,720. 1 claim. 
July 17, 1956. Offic. Gaz. U. S. Pat. Office 
708, 3: 571. 1956. 

A cup with a removable screen supported 
by lugs near the top. R. Whitaker 
613. Milking machine valves. J. Larsen. 
U. S. Patent 2,755,769. 10 claims. July 24, 
1956. U. S. Pat. Office, 708, 4: 842. 1956. 

A valve is described for location on the top 
of the milk receiving chamber of a vacuum 
operated milker. R. Whitaker 


ICE CREAM 


614. Five ways to reduce delivery costs of ice 
cream. R. Werpner, Pevely Dairy Co., St. 
Louis, Mo. Sou. Dairy Prod. J., 59, 5: 31. 
1956. 

Delivery costs of ice cream may be reduced 
by adapting internal structure and capacity of 
truck to needs and using a two-wheel dolly on 
each truck; providing larger and/or more cabi- 
nets to allow fewer deliveries; having custom- 
ers call in orders and having information to 
inerease efficiency in servicing; minimizing the 
number of special deliveries and scheduling and 
providing adequate facilities for loading. 

F. W. Bennett 
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615. In Georgia. Bulk mix handling. ANown. 
Sou. Dairy Prod. J., 59, 4: 22. 1956. 

Dairy Queen of Georgia is manufacturing 
all of its mix in a central plant. Refrigerated 
tank trucks on four routes serve 75 stores in 
all parts of the state. Mix is stored in each 
store in a refrigerated holding tank. Labora- 
tory control from the central plant with the 
bulk handling system has maintained the high- 
est quality, lowered operating costs and speeded 
distribution. F. W. Bennett 


616. Merchandising ice cream via the soda 
fountain. R. WaGner, The Borden Co., St. 
Louis, Mo. Sou. Dairy Prod. J., 60, 1: 38. 
1956. 

Convince the soda fountain operator that his 
department is profitable. Establish prices on 
manufactured products to afford the necessary 


profit. Have good, well-paid help. Let’s dis- 
continue providing fountain equipment and 


spend part of the money in training salesmen 
and in purchasing merchandising aids. 
F. W. Bennett 


617. Selling and servicing the small cabinet 
account. T. P. Topp, Washington Valley 
Creamery Co., Washington, Mo. Sou. Dairy 
Prod. J., 60, 1: 32. 1956. 

It is recommended that the small cabinet ice 
eream accounts be maintained by prices which 
justify the service given, the same but less 
frequent sales and advertising helps as the 
large accounts, and the encouragement of the 
use of multiple purpose cabinets. 

F. W. Bennett 


618. Determination of butterfat content of 
ice cream mix and ice cream. R. W. Brown 
and D. L. Gipson. Can. Dairy and Ice Cream 
J., 34, 7: 54. 1955. 

After extensive comparisons and tests the 
authors conclude that either the Minnesota 
Test or the B D I Detergent Test is more sat- 
isfactory for testing plain ice cream for fat 
than the Glacial Acetic-Sulphurie Acids Test. 

H. Pyenson 


619. Corn sweeteners in ice cream. L. G. 
DRUSENDAHL. Can. Dairy and Ice Cream J., 
35, 3: 54. 1956. 

The author reviews the use of corn sweeten- 
ers in ice cream and charts their analysis, 
freezing points and gives their well known ad- 
vantages. H. Pyenson 
620. The use of glucose in ice cream. R. W. 
Brown and D. L. Gipson. Can. Dairy and Ice 
Cream J., I, 34, 9: 66. 1955. IT, 34, 10. 1955. 


The use of glucose up to 10% solids did not 
affect the titratable acidity, pH, protein sta- 
bility, or surface tension of the ice cream mix. 
Basie viscosity of the ice cream mix increased 
with increasing amounts of glucose used thus 
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increasing the structure and stability of the 


resultant ice cream. The use of 10% glucose 
depressed the freezing point of the mix 


1.048° F. Increasing the total solids in the ice 
cream mix by the use of glucose improves the 
flavor, body and texture of the resultant ice 
cream. Consumers preferred ice cream made 
with 10% glueose—10% sucrose over a 15% 
sucrose ice cream. The sweetness of both ice 
creams were the same. Further work is neces- 
sary to ascertain the optimum formula for an 
ice cream mix containing glucose. H. Pyenson 


Confection mold. ©. Nikuiason. U. S. 
Patent 2,752,867. 1 claim. July 3, 1956. Of- 
fie. Gaz. U. S. Pat. Office, 708, 1: 77. 1956. 
A mold is deseribed for making frozen nov- 
elties in a brine tank. R. Whitaker 


621. 


622. Ice-cream freezer. A. Woyrn and A. 
Hecer. U. S. Patent 2,755,073. 7 claims. July 
17, 1956. Offie. Gaz. U. S. Pat. Office, 708, 3: 
662. 1956. 

A vertical brine operated batch ice cream 
freezer is described. R. Whitaker 


623. Ice cream freezer. H. Ovrz (assignor 
to Ar-Tik Systems, Ine.). U. S. Patent 2,754,- 
664. 4+ claims. July 17, 1956. Office. Gaz. U.S. 
Pat. Office, 708, 3: 556. 1956. 

A freezer of the soft serve type having, as 
a special feature, a shield covering the front 
end which protects the dispensing valve mech- 
anism from the atmosphere. R. Whitaker 


624. Preparation of ice cream. J. EYESTONE. 
U. S. Patent 2,756,153. 3 claims. July 24, 
1956. Offic. Gaz. U. S. Pat. Office, 708, 4: 
940. 1956. 


Ice cream from a freezer is chilled to —5° F. 
to +12° F. in a jacketed hopper and cylinder 
containing a worm type agitator. After the 
product is kneaded and the ice crystals frae- 
tured and dispersed, it is hardened in the usual 
way at about —20° F. or below. R. Whitaker 


625. Scoop for ice cream and the like. A. 
EIcHIN and F. Sweetman. U. S. Patent 2,756,- 
698. 1 claim. July 31, 1956. Offie. Gaz. U. 8. 
Pat. Office, 708, 5: 1079. 1956. 

‘A hand dipper for forming spherical shaped 
portions of ice cream is described. 


R. Whitaker 


626. Process for making ice cream mixes. 
A. Zepp, C. Zepp, and F. Zepp. U. S. Patent 
2,757,092. 5 claims. July 31, 1956. Offic. Gaz. 
U. S. Pat. Office, 708, 5: 1178. 1956. 

Ice cream mix is prepared by standardizing 
buttermilk, cream and egg yolk to a predeter- 
mined ratio of lecithin and fat and condensing 
so that 5% of the fat and 1.28% of the 
lecithin is derived from the buttermilk. Dur- 
ing processing, the temperature is not allowed 
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to exceed 163° F. The condensed product may 
be dried. No buttermilk flavor or odor is found 
in the finished product. R. Whitaker 


627. Ice cream machine. B. Russe.u. U. S. 
Patent 2,751,064. 3 claims. June 19, 1956. 
Offic. Gaz. U. S. Pat. Office, 707, 3: 712. 1956. 
A device for automatically filling ice cream 
cones with ice cream directly from a continu- 
ous freezer. R. Whitaker 


MILK AND CREAM 


628. Antibiotic contamination a threat to 
milk. W. F. Janssen, F.D.A., Washington, 
D. C. Milk Plant Monthly, 45, 7: 24. 1956. 
Three nationwide surveys have been made by 
F.D.A. and penicillin has been found in the 
milk supply each time. In the first survey 
3.2% of 94 samples were shown to contain 
penicillin. In the second survey, 11.6% of 474 
samples contained penicillin, and in the third 
survey, 5.9% of 1,706 samples contained this 
antibiotic. One of the penicillin positive sam- 
ples apparently contained streptomyein, and 17 
additional samples appeared to contain baci- 
tracin. Data is presented showing the number 
of samples collected from each state, the num- 
ber of samples that contained penicillin, the 
minimum and maximum and the average peni- 
cillin concentrations. C. J. Babeock 


629. Solids-not-fat content of milk. A. G. 
Leccatt. Can. Dairy and Ice Cream J., 35, 
4: 31. 1956. 

No definite statements about the proportion 
and amounts of S.N.F. in milk can be made. 
The following geenralized statements will hold 
true in most cases. (1) The S.N.F. content of 
milk varies with breed, Jerseys and Guernseys 
giving a higher value than the heavier breeds. 
Holsteins tend to give about 8.5% S.N.F. and 
Jerseys about 1.0% higher. (2) The S.N.F. 
content tends to vary in the milk from the 
same herd but these variations are not as 
great as those for fat. The S.N.F. may vary 
considerably from one herd to another, even 
to the same breed of cows, as well as from one 
individual cow to another. (3) Milk rich in 
fat generally would be relatively rich in S.N.F. 
if large amounts of bulked milk from the same 
souree of supply are analyzed. H. Pyenson 


630. Process innovations improve fresh milk 
concentrate. H. E. Catspert and A. M. Swan- 
son, Dept. of Dairy and Food Ind., Univ. of 
Wis., Madison. Food Eng., 28, 8:H6. 1956. 

Milk is heated to 170° F., homogenized, and 
then further heated to 270° F. for 3 see. in a 
high-temp. heat exchanger. It is concentrated 
to approx. 36.5% total solids at 100-110° F., 
and standardized with sterile water to 36.1% 
solids. After forewarming to 140-145° F. the 
concentrate is heated to 220° F. for 3 see. in 


the heat exchanger. It is shock-cooled to ap- 
prox. 45° F. and packaged in an aseptic can- 
ning system. Consumer reaction to the product 
has been encouraging. T. J. Claydon 


631. New equipment, better Q C spark gains 
for sterilized milk. H. Scnuvat, McGraw-Hill 
World News, Jerusalem. Food Eng., 28, 7: 
72. 1956. 

The lack of home refrigeration for food 
products has stimulated production of  ster- 
ilized milk in Israel. The product is being 
processed at a modern dairy plant near Tel 
Aviv. The process includes preheating to 160° 
F., homogenizing, flash heating to 275° F. and 
cooling to 155° F. for bottling. The bottled 
milk is conveyed to a specially designed con- 
tinuous sterilization tower 42 ft. high. The 
unit consists of 3 sections with an endless chain 
conveyor. Bottles enter the first section at 
125° F., reach 237° F. in the central section 
and are discharged from the third section at 
160° F. Passage through the unit takes 51 
min. Bottles are crated and air cooled before 
shipment. Some changes in flavor and milk 
constituents occur during processing. 


T. J. Claydon 


NUTRITIVE VALUE OF 
DAIRY PRODUCTS 


632. Effect of adding carbohydrate to milk 
diets. 1. Growth and body composition. H. P. 
Sarerr and L. P. Snrpper, Mead Johnson Re- 
search Labs. J. Nutrition, 58, 4: 529, 1956. 

Weanling rats were used. Diets tested were 
powdered whole milk alone, and with one-third 
replacements with either glucose, lactose, su- 
crose, dextrin or starch. Vitamin and trace 
mineral supplements were added in all cases. 
Protein content of the diets was calculated to 
be 24.4% without carbohydrate addition, re- 
duced to 16.2% when the carbohydrates were 
added, corresponding to 19.3 and 13.8 respee- 
tively, in percentages of calories supplied by 
the protein. Growth rates and nutritional 
soundness of rats in all series 4vere about equal, 
with the exception that the rats on the lactose- 
added diet exhibited poor growth and marked 
diarrhea. Due to the higher protein and min- 
eval content of the milk diet without added 
carbohydrate, water intakes were greater to 
compensate for the increase in excretory load. 
Careass analyses showed only slightly greater 
protein concentration in rats on the milk diet 
(not substituted with carbohydrate), and some- 
what lower lipid concentration. The authors 
conclude: “The lowering of the level of protein 
and minerals in the diet by the addition of car- 
bohydrate may be beneficial in that the water 
requirement and load on the kidneys and adre- 
nal glands are diminished.” 
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II. Water restriction. 

Two of the above described diets were used 
in these rat studies: A. powdered milk alone, 
and B. 1% substitution with starch. Water was 
supplied as follows: 1. full allowance of water 
which observations showed the rats usually con- 
sumed with each diet, 2. 80%, and 3. 60% of 
full allowance. When water was unrestricted, 
rats drank 30% more water on diet A, but the 
weight gains were about the same. Where wa- 
ter was restricted, there were decreases in food 
consumption on both diets, and marked in- 
creases in kidney size. In a number of respects 
water restriction in diet B brought about less 
unfavorable changes. The authors note the 
probable implications from these studies on the 
feeding of infants with cow’s milk formulas, 
with and without added carbohydrate. 

F. E. Rice 


633. Nutritional problems in surgery. R. G. 
Ravpin, Univ. of Penn. Am. J. Digestive Dis- 
eases, New Series, 1, 8: 350. 1956. 

In feeding jejunostomy (introduction of food 
directly into the upper part of the small intes- 
tine), homogenized milk is easily handled and 
forms an excellent base for more complex for- 
mulas. Ordinary milk gives rise to diarrhea. 
Fat particle size appears to be the important 
factor. F. E. Rice 


634. Vitamin B.: content of milk and milk 
products as determined by rat assay. A. M. 
Hartman, L. P. Drypen, and G. H. Rtepet, 
U.S.D.A. J. Nutrition, 59, 1: 77. 1956. 

The rat assay method used, employing erys- 
talline vitamin Bw as reference, gave somewhat 
higher figures for Bw content of milk than has 
been reported by other workers using micro- 
biological assay. Average of 10 lots of raw 


whole milk was found to be 7.1 micrograms 
per 1. No significant differences were observed 


between Jersey and Holstein breeds or between 
barn-fed and pasture-fed cows. Neither pas- 
teurization nor storage for 3 days at 0° C. af- 
fected the potency. F. E. Rice 


635. Growth and creatine biosynthesis in the 
chick as affected by the amino acid deficien- 
cies of casein. H. Fisuer, R. C. SALANDER, and 
M. W. Taytor, Depts. Poultry Husbandry and 


Agr. Biochemistry, Rutgers Univ. J. Nutri- 
tion, 58, 4: 459. 1956. 
On a purified diet containing 25% casein 


arginine was found to be the most limiting 
amino acid. Methionine appears not to be lim- 
iting at this protein level. Addition of creatine 
showed but a slight improvement in growth. 


F. E. Rice 


636. The bacterial flora of the intestinal 
tract: changes in diarrheal disease and fol- 
lowing antimicrobial therapy. M. T. CoLGgan, 
Houston, Texas. J. Pediatrics, 49, 2: 214. 
1956. 





ABSTRACTS OF LITERATURE 


Complete review of the literature, including 
discussions of the differences in intestinal flora 
of babies breast fed and those fed cow’s milk 
formulas. Breast fed infants’ stools are char- 
acterized by a high % of gram-positive or- 
ganisms, most prominently L. bifidus. Ratio of 
protein to carbohydrate in the two types of 
feedings believed not to be the answer. There 
is some indication that the short-chained fatty 
acids (C8-C14) in cow’s milk may inhibit the 
organisms typical in the intestinal tract of 
breast fed infants. F. E. Rice 


in foods (powdered 
J. Am. Med. 


637. Traces of lead 
milk). Queries and minor notes. 
Assoe., 161, 10: 1033. 1956. 

Question is raised as to whether there is 
enough lead in dry milk to be harmful in view 
of the report in Consumers’ Research Bull. of 
Feb. 1956, to the effect that such milk contains 
0.4 p.p.m. of lead. Answer—since 1.5 mg. of 
lead daily may be taken into the body without 
harm, more than 8 lb. of milk powder might 
be consumed daily without reaching the upper 
limit of toleration. There are many other com- 
monly eaten foods that contain more lead. 

F. E. Rice 





638. Iron metabolism. A review with special 
consideration of iron requirements during nor- 
mal infancy. P. StrurGeon, Los Angeles Chil- 
dren’s Hospital. Pediatrics, 18, 2: 267. 1956. 

Cow’s milk as consumed by the infant pro- 
vides much more iron than human milk, and 
the percentage retention is greater. The greater 
frequency of anemia in formula fed babies must 
be due to some other factor now unknown. The 
early introduction of solid foods in the infant’s 
dietary has little effect in reducing the infant’s 
deficiency in iron. Where there is a serious 
deficiency, the oral administration of ferrous 
iron salts is effective, also the use intramuscu- 
larly of iron compounds. “There is obviously 
need for additional studies of the percentage 
assimilation and utilization of food iron for 
hemoglobin formation, especially in infants.” 

F. E. Rice 


639. Low-protein diets for reducing. N. Jo.- 
IWFFE, New York City Dept. of Health. J. 
A.M.A., 161, 17: 1633. 1956. 

Calculations are made as to the protein con- 
tent of the widely discussed “Rockefeller liquid 
formula diet” which consists of evaporated 
milk, dextrose, corn oil and water. When the 
obese patient takes the full amount of the 
formula—900 calories, the intake of protein 
is 21 g. The ealeulations show that such a 


patient is surely in protein deficit, even taking 
into consideration the high biological value of 
the milk protein, and taking into consideration 
the fact that on a low caloric intake the protein 
requirement is somewhat less to maintain nitro- 
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gen balance. Although amino acid requirements 
for obese adults on a low calorie diet have not 
been determined, it would appear from data 
on normal individuals this liquid diet may be 
deficient in 5 of the essential amino acids. 


F. E. Rice 


640. Dietary specialties “tailor-made.” R. G. 
Morey, Brook Hill Farms, Inec., Chicago, and 
J. V. Zrempa. Food Eng., 28, 7: 59. 1956. 
Brook Hill Farms, Ine., Chicago, produces a 
number of special dairy products for dietary, 
therapeutic, and geriatric needs. Several cul- 
tured milk products of low acid, but of high 
concentration of lactobacilli, are prepared 
through a centrifuging process to increase the 
numbers of organisms present. A modified milk 
(Enzylac) for infant feeding is prepared by 
treatment of milk with proteolytic enzymes. 
Low sodium milk is made through an _ ion- 
exchange process. Grade-A goat milk is also 
processed and several other cultured and modi- 
tied milks are produced. T. J. Claydon 


PHYSIOLOGY AND 
ENDOCRINOLOGY 


641. Ruminant nutrition. Dietary factors in- 
fluencing the development of the ruminant 
stomach. R. G. Warner, W. P. Fuiarrt, and 
J. K. Loosu1, Dept. An. Hus., Cornell Univ., 


Ithaca, N. Y. J. Agr. Food Chem., 4, 788. 
1956. 

Forty-six Holstein (36 bulls, 10 heifers) 
calves were fed diets consisting largely of 
milk, grain, hay, or a mixture of hay and 
grain. Calves were slaughtered at birth, 4, 7, 
10, 13, and 16 weeks of age and observations 
made on the development of the stomach com- 
partments. Calves fed milk alone showed little 
change, but calves receiving dry feed had a 
noticeable increase in volume and tissue deposi- 
tion of the fore-stomachs with age, as well as 
a more extensive papillary development of the 
rumen wall. Initial changes were evident at 
+ weeks and increased steadily. It is postulated 
that chemical entities, probably end products 
of microbial digestion of feed, rather than 
coarse inaterials stimulate the development of 
fore-stomach tissue. S. Patton 


642. Lactose as a lipotropic agent. D. P. 
Sapuv. Nature, 177, 4522: 1236. 1956. 

After feeding rats diets containing various 
amounts of lactose, they were sacrificed to 
permit analysis of the livers and kidneys for 
fat, choline, phospholipid and sphingomyelin. 
The lactose fed rats had greater choline and 
phospholipid and less fat and sphingomyelin 
in these organs. The total food intake had to 
be controlled because the rats ate more and 
grew faster proportionally as the lactose con- 
tent of the diet was increased. R. Whitaker 
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G7 
CULTURE MEDIA 


for Examination of Milk and Dairy Products 


Bacto-Piate Count Acar (Tryptone Glucose Yeast Agar) 


is recommended for use in determining the total bacterial plate count of 
milk in accordance with the new procedure of ‘‘Standard Methods for 
the Examination of Dairy Products’’ of the American Public Health 
Association. This media does not require addition of skim milk. 

Upon plates of medium prepared from this product colonies of the 
bacteria occurring in milk are larger and more representative than those 
on media previously used for milk counts. 


BacTo-PROTEOSE TRYPTONE AGAR 


is recommended for use in determining the bacterial plate count of Certified 
Milk. The formula for this medium corresponds with that suggested in 
**Methods and Standards of Certified Milk’’ of the American Association 
of Medical Milk Commissions. 


Bacto-VIoLeT Rep Bite AGAR 
BactTo-DESOXYCHOLATE AGAR 
Bacto-DESOxYCHOLATE. LACTOSE AGAR 


are widely used for direct plate counts of coliform bacteria. Upon plates 
of such media accurate counts of these organisms are readily obtained. 


Bacto-BRILLIANT GREEN BILE 2% 
Bacto-FoRMATE RICINOLEATE BrRoTH 


are very useful liquid media for detection of coliform bacteria in milk. 
Use of these media is approved in ‘‘Standard Methods.’’ 


Specify “DIFCO” 


THE TRADE NAME OF THE PIONEERS 
Im the Research and Development of Dehydrated Oulture Media and Microbiological Reagents 


Dirco LABORATORIES 
DETROIT 1, MICHIGAN 























